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PREFACE, 



Some apology appears to be due for the delay which has 
taken place in the appearance of this little volume so long 
since promised to the public. The author will not repeat 
the oft -told tale of professional engagements and over- 
whelming accumulations of business occupying every hour 
of his time, but prefers to assign the delay to a cause 
which necessarily applies more or less to the treatment of 
every popular and progressive subject. 

The science of gas-lighting is not one in which descrip- 
tions can be furbished up from old forgotten tomes, or 
condensed from the sparkling and vivacious volumes of 
modern writers, — it must be practically inquired into and 
brought up fully to the standard of the most recent in- 
formation and most improved modes of working. Such a 
subject grows as it were even .in the author's hands, and 
not unfrequently he finds himself exceeding alike his 
allotted time and his allotted space. Such has it been in 
the present case, and yet as some slight compensation for 
both, the author trusts to show that in some respects he 
has profitably used the time during which the work has 
occupied him. He has endeavoured in every case to de- 
scribe new processes and new contrivances with impartiality* 
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and in such a way as to encourage yet more extensive 
trials when such appear to be necessary. Without venturing 
for a moment to entertain the idea that anything contained 
in this little volume will be new to those who have devoted 
their life-time to the study of gas engineering, he trusts 
at the same time that his efforts will not be altogether 
useless to students who are seeking an elementary acquaint- 
ance with the subject, and to the managers and superinten- 
dents of gas-works practically engaged at a distance from 
the Metropolis. 

The author takes this opportunity of returning his warm- 
est thanks for the very courteous manner in which his 
inquiries have been uniformly met. By every officer, from 
the highest to the lowest, among the Gas Companies to 
whom he has applied for information, the most obliging 
attention has been shown, and nothing could be more 
satisfactory than the manner in which every process was 
laid open and every part of the works explained. 

14, Park Street, Westminster. 
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ON 

THE MANUFACTURE AND DISTRIBUTION 

OF COAL GAS. 



CHAPTER I. 

EARLY HISTORY OF GAS -LIGHTING. 

The discovery and earliest observation of elastic aeriform 
fluids, capable of being inflamed and of imparting light and 
heat, must undoubtedly have been of great antiquity. The 
most ancient writings contain notices of inflammable vapours 
springing from Assures and cavities in the earth. It is evi- 
dent, therefore, that gas being a natural production, no such 
human individual as the discoverer or inventor of gas ever 
existed. Modern chemistry will have no difficulty in showing 
that all inflammable gases, whether arising naturally from 
rocks or produced artificially by combustion or otherwise, are 
composed of very simple elements, and all present a remarkable 
analogy to the common carburetted hydrogen, which is the gas 
chiefly burnt in our street lamps and houses at the present day. 

Inflammable gas may be truly said to be as old as the first 
creation of organic matter, for wherever animal or vegetable 
substances have existed, by the immutable laws of nature they 
have been subject to decomposition, and wherever decomposi- 
tion has taken place a variety of gases have been produced, 
some of them inflammable, and others not so. Whether the 
decomposition be that caused by the slow combustion of 
decay or that more rapid process caused by the application of 
sensible heat, the effect is the same-*-the gases are equally 
produced in the two cases. 

Gas may with more truth be called a natural ^todns&ssb. 
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than steam, although the latter has existed from the first 
creation of water, and in its palpable state, as proceeding from 
boiling water, must have been observed in all ages. 

The discoveries of man with respect* to gas and steam 
ought rather to be called applications ; they are conquests over 
the elements, the subjugation of great powers in nature to his 
use and convenience. So it is with nearly all great inventions, 
in which we find one power of nature after another chained, 
confined, bound down, stored, and then let loose when re- 
quired, and made to work machines, to propel ships across the 
ocean, to supply the place of human labour itself in a thou- 
sand variety of ways, — nay to pass far beyond the bounds of 
human labour, and effect that by a single effort which the 
manual strength of a whole world could scarcely accomplish. 

If such astonishing applications of steam and gas had been 
made in the days of ancient Greece, what magnificent, all-ex- 
pressive, world-astounding names would have been found to 
convey their meaning: instead of such contemptible little 
monosyllables as gas and steam, one might have heard of the 
spirit of coal and the spirit of water, with some superlative 
adjective to stamp the vast importance of each. In such an 
age these wonderful conquests would have thrown all meaner 
efforts into the shade ; for them alone would poetry have 
strung its harp, and the grandest epic productions of genius 
might have commemorated the victory of man over the inani- 
mate matter of nature, instead of dedicating her loftiest songs 
to the art of war. 

The avidity with which the early nations seized on all 
natural phenomena and all exhibitions of great natural powers 
is evident from the veneration paid to the burning flames 
which issued forth from fissures and cavities in the earth 
where lakes of petroleum or naphtha existed, or in the neigh- 
bourhood of coal or bituminous schists. Some of the earliest 
nations have considered fire as a type of divinity, and we can 
sc arcely wonder at the feelings of veneration and supersti- 
fioned by mysterious outbursts of flame whose 
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origin appeared utterly incomprehensible. Hence Superstition 
erected her altars over such flames and claimed the inter- 
ference of the Gods to sustain the perpetual miracle. Bat all 
that had been observed with reference to inflammable vapours 
in ancient times was very far indeed from approaching to any- 
thing like a useful purpose. Far from leading to any attempt 
to collect and use these vapours, their yery nature and compo- 
sition were unknown, and the most mistaken ideas prevailed as 
to their real elements. It was not till modern chemistry had 
exploded volumes of ancient dogmas, had traced the so-called 
elements to far simpler forms, and had taught us the laws 
according to which elements are combined in order to consti- 
tute all forms of matter, — it was not till then that it began to 
be seen that the inflammable vapour of coal, wood, oils, and 
other fatty substances was analogous with the marsh gas 
which arises in bubbles from the decomposition of vegetables 
under water ; that it was of the same nature as the fatal 
dancing ' Will-o'-the-wisp/ which on the wild moor or bog 
has lighted many a traveller to destruction; finally, that it was 
nearly the same as the gas which arises from the decomposi- 
tion of water, however produced ; and that, in fact, one of the 
constituents of water, the greatest antagonist and extinguisher 
of flame, was itself the most inflammable substance in nature, 
namely, hydrogen gas ; while oxygen, the other element of 
water, is the greatest known supporter of combustion. 

Many opinions have been hazarded to account for the 
almost perpetual fires which were kept burning on the ancient 
altars. Strabo and Plutarch mention these fires, which they 
describe as constantly burning, to which they add, that they 
are lighted by invisible means. This seems to involve a con- 
tradiction ; for if they were always burning, they could not 
require lighting. 

The altar in the Temple of ^Egina may be taken as an 
example of most of the ancient Greek fire-altars as exhibited 
in the temples. Here a round hole, about 1'3 inches in dia- 
meter, is observed in a block of stone. This round orifice- 
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opens into a square hole, which passes down through solid 
stone to a depth of several feet* The lower end of the square 
hole communicates with a cavity in which Mr. Dodwell sup- 
poses a fire to have been constantly kept burning, so that the 
flame did not appear above the surface of the circular opening. 
He says, nothing more would be necessary than to pour oil 
into the opening, when the flames would immediately burst 
forth and appear to have a miraculous origin. 

The writings of Herodotus, Ctesias, and Vitruvius, mention 
the bituminous wells of Zakunthos, the modern island of 
Zante. iElian notices springs near Apollonia ; and Plutarch, 
in his Life of Alexander, mentions the fountain of naphtha 
with fire issuing from the earth in the territory of Ecbatana in 
Media (the modern Hamadan).* 

The Babylonian bitumen, used for cementing masonry, was 
obtained from the district which now forms the pashalic of 
Bagdad. Bituminous strata also exist in Switzerland, Ger- 
many, France, in the papal territory, in Great Britain and 
Ireland. 

The springs described by Herodotus are not now worked ; 
but their place is defined by the remains of a circular wall 
about 70 feet in diameter, within which the space is nearly 
filled up with earth. The opening from which the bitumen 
^was extracted in his day. is described as communicating with 
the sea, which, in calm weather, is tinged with the iridescent 
colours of the bitumen as it rises up to the surface of the 
■water. 

The bitumen is now drawn from small wells about 5 feet 
diameter and 3 or 4 feet deep. Bitumen was much used by 
the ancients, not only for mortar but also for cementing reeds 
together and forming floors and ceilings. 

The superstitions of eastern countries have always identified 
■fire with the loftiest attributes of Divinity, and even with 

* Dodwell's ' Classical and Topographical Tour through Greece/ 
London, 1819. 
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Divinity itself — while traces of fire-worship are said to exist 
even at the present day. In Plutarch's Life of Aristides 
there is a passage marking the superstitious reverence which 
the fire of their celebrated altars enjoyed, where the conquer- 
ing Greeks under Pausanias are directed by the oracle of 
Delphi to build an altar to Jupiter the Deliverer, but not to 
offer any sacrifice on it till they had extinguished all the fires 
in the country, because it had been polluted by the barbarians 
(the Persians), and supplied themselves with pure fire from 
the altar at Delphi. In consequence of this the Grecian gene- 
rals went all over the country and caused all the fires to be put 
out.* 

The Chinese are said to use at this day, for economical pur- 
poses, the gas which escapes spontaneously from beds of 
bituminous coal. Within 30 miles of Pekin is a coal-field 
having beds of salt associated with the coal, and streams of gas 
rising naturally from the coal are conveyed to the salt-works 
by means of bamboo tubes, and there used for the boiling and 
evaporation of the salt. Other pipes convey the gas intended 
for lighting the streets and houses. f 

* Extract from Plutarch, relative to the fountain of naphtha in Ecba- 
tana, or Hamadan. Alexander "traversed all the province of Babylon, 
which immediately made its submission ; and in the district of Ecbatana 
he was particularly struck with a gulf of fire, which streamed continually, 
as from an inexhaustible force. He admired also a flood of naphtha not far 
from the gulf, which flowed in such abundance that it formed a lake. 
The* naphtha in many respects resembles the bitumen, but it is much more 
inflammable. Before any fire touches it, it catches light from a flame at 
some distance, and often kindles all the intermediate air. The barbarians, 
to show the king its force and the subtilty of its nature, scattered some 
drops of it in the street which led to his lodgings ; and standing at one 
end, they applied their torches to some of the first drops ; for it was night. 
The flame communicated itself swifter than thought, and the street was 
instantaneously all on fire." — 'Life of Alexander/ book v. p. 152, Lang- 
home's translation. 1832. 

f R. C. Taylor, on the Coal-fields of China, in the Journal of the Frank- 
lin Institute. A similar instance occurs in the village of Fredonia, N. Y., 
where the inflammable gas issues from a smaW. %tat»Kv TOSta&.^flsut&&^&iBv 
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There are many other instances at the present day where 
inflammable gases issue from the surface of the earth : this is 
the case at several places in the Apennines, particularly near 
Pietra Mala, on the road from Bologna to Florence. A similar 
case occurs in a mountain of Lycia, near the shore of the Gulf 
of Adalia in Asia Minor. Most of these phenomena are sup- 
posed to hare the same origin as the fire damp of coal-mines, 
—namely, beds of coal or carbonaceous schists of yegetable 
formation. 



APPLICATION OF COAL GAS TO USEFUL PURPOSES. 

We find among the ' Philosophical Transactions ' of 1667 a 
paper by Mr. Shirley, describing a spring arising in the coal 
district of Wigan in Lancashire, and which was supposed at 
the time to be a burning spring because the vapour on the sur- 
face of it could be inflamed. Mr. Shirley pointed out that it 
was not the water which burnt, but the gas by which it was 
accompanied ; and he traced the origin of the gas itself to the 
beds of coal which abound in that part of the country where 
the spring breaks out. 

Although these observations of Mr. Shirley referred the 
origin of the burning spring to the right cause, and clearly- 
pointed to the possibility of procuring the same kind of gas by 
the combustion of coal, the subject appears to have received no 
particular attention at the time. It was not till many years 
had elapsed that we find another observer prompted by this 
very same spring to institute experiments of a practical nature 
on the distillation of coal. 

Probably, however, the first authentic record of an experi- 
ment on the distillation of coal appears in Dr. Hales 9 work on 
* Vegetable Statics/ published in 1726, where he states that 
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gasometer is erected for collecting it. — Brewster's Journal, 
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from the distillation of 158 grains of Newcastle coal he obtained 
180 cubic inches of air, which weighed 51 grains, being nearly 
one-third of the whole. This result, which is rather more 
than 8500 cubic feet per ton, agrees very nearly with the pro- 
duction of gas actually realized from Newcastle coal at the pre- 
sent day. 

A few years afterwards, namely, in 1733, we find in the 
* Transactions of the Royal Society 9 a communication from Sir 
James Lowther, on the inflammable air issuing from the shaft 
of a coal mine near Whitehaven. The workmen were surprised 
on sinking to the depth of 42 fathoms to find a rush of air 
taking place which caught fire from the flame of a candle and 
burned with great intensity, making a blaze about 3 feet dia- 
meter and 6 feet high. Several experiments were made on this 
flame by the steward and others, who successively caused it to 
be extinguished by beating it down and smothering it with 
the colliers' hats and again lighting it. At length the heat 
communicated by the flame was found to be very inconvenient, 
as it warmed the pit to a high degree, and it was necessary to 
have recourse to water in order to extinguish it. After this 
the gas was not again allowed to be lighted till the sinking had 
proceeded down to a depth of several feet below the bed of coal 
through which the gas first made its appearance. The part of 
the pit at which the gas escaped was then securely walled off, 
made air-tight, and a tube about 2 inches square extended up 
the shaft to a height of 12 feet above the surface of the ground. 
Through this tube the gas was allowed to escape into the open 
air, which it continued to do in undiminished quantity for 
several years. Many observations and experiments were made 
on the gas which was thus discharged from the extremity of 
the tube. It was collected in bladders, tied up and preserved 
for many days. When a small pipe was fixetl in the mouth of 
the bladder, and the gas gently pressed out against the flame 
of a candle by squeezing the bladder, the gas was observed to 
take fire, and to burn as long as the bladder was gently 
squeezed. When taken from the candle, afte^r bein% tfcss®> 
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lighted, it continued burning till all the gas in the bladder i 
exhausted. This experiment on gas which had been confin 
nearly a month in a bladder was made in the presence of tl 
Royal Society. It was observed that the gas when it fin 
issued from the top of the tube was as cold as frosty air, ant 
that it would not take fire from a spark, but required a flame 
to ignite it. 

Some thirty years after the attention of the scientific world 
was thus called to the nature and properties of inflammable 
gas, — namely, about the year 1 765, — we find a proposition made 
to the magistrates of Whitehaven by the then agent of Lord 
Lonsdale to convey this same gas through pipes to light the 
streets of the town. The magistrates, it appears, refused to 
entertain the subject, although the proposer, Mr. Spedding, 
proved its perfect practicability by conveying the gas into his 
own office and using it for the purpose of lighting. 

In the 'Transactions of the Royal Society' for the year 
1 739 is a paper by Dr. Clayton on the subject of distilling pit 
coal. This paper is an extract from a letter written by the 
author to the Honourable Robert Boyle, who died in 1691. 
The letter, therefore, was probably written some time before 
this, and although not published till 1739 it appears clearly to 
confer on Dr. Clayton the merit of an earlier experiment on 
the mode of procuring gas from the distillation of coal than 
that described by Dr. Hales in 1726. 

I shall not quote in detail the experiments concerning the 
spirit of coal contained in Dr. Clayton's letter to Boyle, as this 
letter appears in nearly every work on gas which has since 
been published in this country, and must therefore be familiar 
to most English readers. Those who may wish to see the 
complete extract from Dr. Clayton's letter will, however, find 
it in page 59 of the 'Philosophical Transactions' for the year 
1739. The author first gives an account of the ditch near 
Wigan in Lancashire, described by Mr. Shirley, in which the 
water was said to burn. He proved, however, the fallacy of 
this supposition by causing a dam to be made and having the 
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water below the dam scooped out of the ditch. At first the 
vapour would not take fire, but on digging down about 18 
inches the vapour which arose from a shaly kind of coal took 
fire from a candle, and continued burning. Suspecting from 
the proximity of coal the true origin of this inflammable 
vapour, the Doctor proceeds to say, that he procured some 
coal and distilled it in a retort over an open fire. He describes 
the products of his distillation as a phlegm which first came 
over (naphtha), afterwards a black oil (tar), and then likewise 
a "spirit arose which I could noways condense, but it forced 
my lute or broke my glasses." He discovered accidentally 
that this spirit (the gas) was inflammable. He then proceeded 
to collect it in bladders and preserved it in these for the 
amusement of his friends, before whom he was in the habit of 
pricking holes in the bladder with a pin and gently compress- 
ing the bladder till the small stream of gas took fire at the 
flame of a candle, when it would continue burning till all the 
gas was pressed out. It is curious that the process of ex- 
osmose was observed at this early stage of experiments on coal 
gas, for the Doctor says when he filled calves* bladders with 
the gas it would lose its inflammability in twenty-four hours ; 
he therefore recommends good thick bladders like those of 
an ox. 

The publication of Dr. Clayton's experiments, although they 
clearly pointed to the practicability of procuring and storing up 
an inflammable gas derived by distilling coal, appears to have 
attracted no further notice at the time. No progress what- 
ever appears to have been made in discovery for many years 
afterwards. 

To the celebrated Dr. Watson, Bishop of Llandaff, we are 
indebted for the first notice of the important fact that coal gas 
retains its inflammability after passing through water into which 
it was allowed to ascend through curved tubes. This is 
noticed amongst other results of Dr. Watson's experiments in 
the second volume of his 'Chemical Essays,' published in 
1767. To this property is due much of the facility ^sk 
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which the manipulations of a gas-making establishment are 
carried on, particularly those connected with the hydraulic 
main and with the purification by means of wet lime. 

With the exception of Bishop Watson's experiments, the 
whole subject of procuring from coal a valuable product in the 
shape of inflammable gas appears to hare slumbered for more 
than half a century, till about 1 790 we find an individual, who 
was afterwards connected with one of the first engineering 
workshops in the world, turning his attention to the subject in 
a truly practical form. This individual was Mr. William 
Murdoch, then resident at Truro in Cornwall, and afterwards 
connected for many years with Messrs. Boulton and Watt's 
establishment at Soho. There can be no doubt as to the 
exclusive merit of this gentleman, whose claim is unquestion- 
able to the first practical application of artificially manu- 
factured gas to the purposes of lighting. From his own 
narrations, written with all the earnest simplicity which com- 
monly attends the development of great ideas, it even appears 
doubtful whether he was acquainted with the papers of Dr. 
Clayton already alluded to. It is also satisfactory to find that 
the pre-eminent claim of Mr. Murdoch is most clearly and dis- 
tinctly confirmed by the celebrated Dr. Henry, that brilliant 
philosopher whose researches into the nature of aeriform fluids 
have gained for him the admiration of all Europe. 

It appears from Dr. Henry's statement, that in 1792 Mr. 
Murdoch actually lighted his own house and office at Redruth 
with gas. He distilled the coal in iron retorts and conveyed 
the gas through tinned iron and copper tubes to a distance of 
70 feet. He used portable gas, carrying it about with him in 
a bladder, or in bags of leather or varnished silk, and also in 
vessels of tinned iron fitted with a small metal tube and stop- 
cock, through which the gas issuing from a minute orifice was 
ignited, and made to serve as a lantern in travelling backwards 
and forwards between the mines and his own house. He 
is said to have excited the unbounded astonishment of the 
country people, and to have confirmed them in the belief that 
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be was a real wizard, by travelling in a steam carriage lighted 
up at nigbt with gas contained in bladders. Mr. Murdoch 
also at this early period made many experiments on various 
kinds of coal, as the Swansea, Haverfordwest, Newcastle, 
Shropshire, Staffordshire, and some kinds of Scotch coal. He 
also tried numerous forms of burners, varying in many ways 
the shape and disposition of the orifices for the admission of 
the gas. Thus in some burners the gas was allowed to issue, 
from many very minute openings, forming a rose like the head 
of a watering-pan, while in others it was thrown out in long 
thin sheets, and again from circular openings on the principle 
of the argand burner. His attention was also directed to the 
necessity for purifying the gas, and he certainly adopted the 
expedient of passing it through water, but does not appear to 
have made use of lime, the first application of which, to the 
purpose of purifying, appears due to Dr. Henry and Mr. 
Clegg. Mr. Murdoch pursued his experiments on the gas from 
coal, peat, wood, and other inflammable substances, at such 
intervals of leisure as his numerous other avocations would 
permit, till in 1798 we find him lighting up a part of the 
Soho manufactory and exhibiting his experiments on artificial 
lighting to numerous persons who are still living and can 
attest his early labours. At the general illumination for the 
Peace of Amiens, in 1802, a part of the Soho manufactory was 
lighted with gas, and this was probably the first public exhibi- 
tion of the new method of lighting. 

Between this period and the year 1805, when a minute- 
account of his discoveries and experiments in gas-lighting was 
read before the Royal Society, Mr. Murdoch appears to have 
further advanced the application of gas to useful purposes by 
lighting up the whole of the workshops at Soho, and also 
erecting an apparatus for the same purpose at the cotton-mills 
of Messrs. Phillips and Lee, at that time the largest cotton-mills 
in Great Britain. The quantity of light supplied to these 
mills was equal to that yielded by 2000 mould candles of six 
to the pound, or about 2500 cubic feet per day on th& «x*x*sg&. 
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of the whole year. To produce this quantity he used 7 cwt. 
of Wigan caiinel coal, yielding at the rate of 7143 cubic feet of 
gas per ton of coal, considerably less than the quantity made 
at the present day from the same coal. In his paper of 1805, 
which was published in the 'Transactions' for 1808, Mr. 
Murdoch does not particularly describe the process which 
he followed in making the gas, but merely states that the coal 
is distilled in large iron retorts, and that the gas, as it issues 
from them, is conveyed by iron pipes into large reservoirs 
or gasometers, where it is washed and purified previous to its 
being conveyed through other pipes or mains to the mills. 
He describes the burners with some minuteness : these were 
of two kinds, one on the principle of the argand lamp and re* 
sembling it in appearance ; the other a cockspur burner, con- 
sisting of a small curved tube with a conical end, having three 
circular apertures or perforations about one-thirtieth of an 
inch in diameter, one at the point of the cone, and two lateral 
ones. The gas issuing through these apertures forms three 
divergent jets of flame, somewhat like a fleur-de-lis. The 
whole of the burners erected in the cotton-mills amounted 
to 271 argands, each of which gave a light equal to four mould 
candles of six to the pound, and 633 cockspurs, each of 
which gave a light equal to two and a quarter of the same 
candles. The quantity of tallow consumed by each candle 
was at the rate of four-tenths of an ounce, or 175 grains 
of tallow per hour. 

In his details of the comparative cost of lighting this esta- 
blishment with gas, as compared with candles, Mr. Murdoch's 
comparison is very much in favour of the former. Taking an 
average of two hours per day throughout the year, the expense 
of candles would be .£2000 per annum, while the cost of gas, 
including every expense of wear and tear and interest on capital, 
did not exceed £600 a year. On an average of three hours 
per day, the comparison is still more in favour of gas, the 
expense of candles in this case being .£3000 a year, while that 
of gas, estimated as before, would only amount to £650. 



TO USEFUL PURPOSES, 13 

During his experiments, and in erecting his earlier appara- 
tus^Mr. Murdoch tried various forms of retorts, which will be 
more particularly noticed in the chapter on this subject, so 
that it may be sufficient to observe that the earliest forms 
were upright, with various contrivances for extracting the 
coke which remained after the expulsion of the gas. Many 
inconveniences attended this form, as well as an intermedi- 
ate form, in which the retorts were placed in a diagonal or 
inclined position. In time all the other contrivances gave 
place to the horizontal retort, which is the mode of setting 
almost universally adopted at the present day.* 

The success of Mr. Murdoch's new mode of lighting the 
cotton-mills of Lancashire appears to have enlisted a host of 
ingenious and speculative persons, who entered eagerly upon 
the course now open before them. About the years 1804 and 
1805 we find the subject taken up by eminent chemists, such 
as Dr. Henry of Manchester, who ably illustrated the mode of 
making gas in his lectures, and showed how readily and econo- 
mically it might be used as a substitute for oil and candles. 
At this time also we find Mr. Clegg, another able mechanician, 
also engaged in the same establishment as Mr. Murdoch, 
where he entered as a pupil of Messrs. Boulton and Watt, 
devoting all his energies to the mechanical appliances con- 
nected with the successful application of gas. 

Mr. Northern of Leeds, Mr. Pemberton of Birmingham, and 
Mr. Accum were actively engaged at this time in experiments 
on coal gas, and the means of procuring it and applying it to 
lighting purposes. Many of the contrivances and suggestions 
of these gentlemen were highly ingenious, and they each 
exhibited before the public gas-lights produced from apparatus 
of their own erection. The apparatus was of course on a very 
limited scale, and it does not appear that any intermediate 
process was practised between the retort and the burner, 
except that of washing the gas by passing it through water 
so as to condense and cool it before entering the gasometer.. 
Amongst the individuals who at this time figured as ttt<rotts&s& 
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advocates of the new mode of lighting was Mr. Winsor, a 
gentleman of most extravagant and magnificent views, who? in 
public lectures and pamphlets, employed all the arts of un- 
wearied panegyric to gain over the public opinion in favour of 
lighting by gas. He is even said to have claimed the invention 
for himself, and to have referred to his own lamps in Pall Mall 
as evidence of his claims. It appears that Mr. Winsor was 
delivering public lectures on the subject of gas-lighting at the 
Lyceum Theatre in the years 1803 and 1804, when he ex- 
plained the mode of conveying gas through houses, and ex- 
hibited many contrivances for burning it in chandeliers and 
otherwise. He, however, kept back the secret of his mode of 
manufacturing and purifying the gas. 

Although the merit of being an original inventor must be 
denied to Mr. Winsor, he yet performed excellent service in 
the cause of gas-lighting by rousing public attention to the 
subject, an effort in which he displayed considerable talent, 
joined to unwearied energy and perseverance. This bold and 
enthusiastic champion of gas-lighting has been termed one of 
the wildest and most extravagant projectors that ever came 
before the public. He projected a scheme called the National 
Light and Heat Company, in which he held out the most un- 
exampled expectations. He gravely declared that an invest- 
ment of £ 5 in this company would secure to the fortunate 
subscriber an income of £570 per annum, and among 
secondary objects to be effected by the new mode of lighting 
was the entire abolition of smoke and consequently of chimney- 
sweeping. The national debt was also to be paid off, and an 
incredible revenue raised by Government from a tax on the 
products to be obtained from coal. It will readily be anti- 
cipated that all these brilliant hopes evaporated into thin air, 
and after large sums of public money had been subscribed in 
answer to the earnest appeals of this sanguine individual, he 
died poor and neglected, without reaping any of that splendid 
harvest he so confidently expected. 

now to introduce another individual, of a widely 
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different stamp — one who has exercised a most important 
influence in the mechanics of manufacturing gas, and to whom 
some of the very best contrivances are due, and some of the 
most ingenious applications of mechanical skill. This indi- 
vidual is Mr. Clegg, who has been already noticed as a pupil 
in Messrs. Boulton and Watt's establishment at the time of 
Mr. Murdoch's engagement there. 

Mr. Clegg appears to have struck off in the same direction 
as Mr. Murdoch, and to have embarked about the same time 
in the erection of private gas-works for cotton-mills and other 
establishments. Thus he was engaged in lighting the cotton- 
mill of Mr. Henry Lodge at Sowerby Bridge, near Halifax, at 
the same time that Mr. Murdoch was erecting his works at 
Messrs. Phillips and Lee's mill. Indeed, Mr. Clegg, jun., 
states, on the authority of his father's journal, that the mill at 
Sowerby Bridge was lighted a fortnight earlier than the one 
under Mr. Murdoch's direction. 

In the following years, 1807 and 1808, Mr. Clegg proceeded 
to erect gas-works at various other mills, and' at the Catholic 
College at Stonyhurst in Lancashire, where he first introduced 
the system of purifying the gas from carbonic acid and sul- 
phuretted hydrogen by passing it through lime in a separate 
vessel. Previous to this use of a separate purifier, Mr. Clegg 
had used lime in the tank of the gas-holder, and applied an 
agitator to keep it in motion. This plan answered very well, 
except for the difficulty of removing the saturated lime, which 
eventually led to its abandonment and the adoption of a 
separate vessel. 

The main features in the present system of gas-lighting 
which are due to Mr. Clegg are the system of wet-lime purifi- 
cation, the hydraulic main, with its contrivance of dip-pipes 
for isolating the retorts, the present mode of attaching the 
mouth-pieces to the retorts, and the governor or regulator for 
adjusting the delivery of gas into the mains ; to which must 
be added the gas-meter in its earliest and most novel form — 
a contrivance rarely surpassed for simplicity %xv& W^sks&v 
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and which will claim particular attention at a future 
page. 

. These are the principal parts of the mechanism of gas 
apparatus introduced by Mr. Clegg, and which have become 
essential parts of the gas manufacture, while there are many 
other contrivances of perhaps equal ingenuity and merit which 
are not so universally adopted. Among these are the rotating 
or web retort, of which a notice will be found further on ; the 
rotative and reciprocating gas-meter, the collapsing gas-holder, 
and an apparatus for the decomposition of oil, tar, &c. A 
review of these various inventions undoubtedly places the 
name of Mr. Clegg in the very foremost rank of those who 
have advanced the practice and science of gas-lighting. 

From about the year 1808, the names connected with gas- 
works become so numerous, inventions of all sorts and descrip- 
tions multiply so fast, and the records of the Patent Office 
exhibit such a spirit of invention, that it would be impossible 
to follow them in anything like detail. I must therefore be satis- 
fied with briefly noticing a few of the successive steps by which 
the practice'and science of gas-lighting advanced until it entirely 
superseded all other modes of public lighting in the metropolis 
and other large towns, and even came to be extensively used 
for domestic illumination in place of candles and lamps. 

From the year 1809 to 1815 the progress of the new mode 
of lighting was steadily gaining favour with the public. Many 
private establishments continued to erect gas-works of their 
own, and during this period several public gas-light companies 
were formed, particularly the Chartered Gas-light Company, 
established in 1809 for the purpose of lighting London and 
Westminster. Messrs. Winsor, Accum, and Hargreaves were 
first appointed engineers of this company, and proceeded to 
carry out the intentions of the directors. It appears, however, 
that they failed in their attempts to erect works suitable for 
manufacturing gas, and Mr. Clegg being eventually appointed 
to supersede them, the works were completed under his 
In 1813 Westminster Bridge was lighted with gas, 
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and in the following year the old oil lamps were removed from 
the streets of St. Margaret's parish, Westminster, and gas- 
lights put in their place ; this being the first parish which 
applied for a contract to have the streets lighted with 
gas. 

In the year 1814 gas was first applied to the purposes of 
ornamental illumination. In that year, when the allied 
sovereigns visited this country, and a general illumination took 
place in commemoration of the Peace of Europe, the new light 
was brought into requisition and exhibited to thousands of 
admiring spectators in illuminating a magnificent pagoda 
erected in St. James's Park. This building was instanta- 
neously lighted up by a simple contrivance, and in a single 
instant of time 10,000 lights burst forth and formed an 
immense and brilliant fountain of fire. In the following year 
Guildhall was lighted up with gas ; and on this occasion the 
public papers teemed with extravagant praises of the new 
light. Its mild splendour was described as "shedding a 
brightness clear as summer's noon, but undazzling and soft 
as moonlight, altogether forming a magnificent combination 
worthy the inauguration of the presiding citizen of the great 
city." 

The most active period in the history of gas-lighting is 
probably comprised between the years 1815 and 1823. In 
this period many public companies were formed both in the 
metropolis and in the chief provincial towns. This was also the 
date of a strenuous attempt to introduce the method of making 
gas from oils, fats, bitumen, resin, and other materials, accord- 
ing to a patent which had been taken out by Mr. John Taylor 
in 1815. During the few years which succeeded 1815, several 
companies were formed both in this country and abroad for the 
purpose of making gas from oil or from the other materials 
set forth in Mr. Taylor's patent. Among the principal cities 
which in this country yielded to the delusion in favour of oil 
•gas were Liverpool, Bristol, and Hull; but in every case, 
after lengthened and expensive trials, the companies have heeu. 
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compelled to reject the use of oil and to adapt their works to 
the production of gas from coal. 

The superiority of the gas procurable from oil and such 
other matters as Mr. Taylor enumerates is unquestionable. 
It contains a much larger quantity of defiant gas than the 
common coal gas, and it had long been known that olefiant 
gas, containing as it does double as much carbon as ordinary 
carburetted hydrogen, was by far the most valuable ingredient 
in any inflammable gas. The gas from oil would also be free 
from sulphuretted hydrogen, and other impurities which cause 
considerable expense in the purification of coal gas. In addi- 
tion to this, the advocates of oil gas contended that the 
expenses of production and management would be much less 
than in a coal-gas establishment, and that the large supply of 
oil required would afford employment to thousands of fisher- 
men, who would be engaged in the capture of fish suitable for 
yielding oil in sufficient quantity. Of course all considerations 
of this nature require to be tested by actual practical ex- 
perience, and when this was applied to the case of lighting by 
means of oil gas, the results were widely different from those 
which had been anticipated in theory. It was found im- 
possible to work the establishments with anything like the 
same economy as those 'for producing coal gas, and all the 
companies, without exception, found it was hopeless to expect 
any dividend for their outlay. Under these circumstances the 
oil-gas works were abandoned one by one, and apparatus for 
distilling coal substituted in their place. 
• In 1819 we find "Mr. David Gordon obtaining a patent for 
compressing gas into suitable vessels fitted with proper valves 
and capable of being carried about, so as to render the gas 
portable. This contrivance, which can scarcely be called an 
invention, as it had been practised by Mr. Murdoch many 
years before, led to the formation of the ' London Portable Gas 
Company.' However, after carrying on business some time it 
was found that the scheme would not answer, and the com- 
pany was ultimately broken up. About the same time Pro- 
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fessor Daniell, F. R. S., was engaged in an nnsaccessful attempt 
to make gas from resin. It is said that his apparatus was 
highly ingenious, hut the project on trial was soon abandoned, 
from inability to compete with coal-gas works. The Act for 
lighting Bristol with oil gas was obtained as late as 1823, in 
spite of the warnings of several eminent gas engineers that the 
project would prove unsuccessful. The truth of these warn- 
ings was amply confirmed in the course of a few years. 

Such is a brief sketch of the leading .historical facts which 
mark the progress of gas-lighting till within the last 20 years. 
The chapters which follow will explain the modern system of 
constructing and working establishments for manufacturing gas 
from coal. I can only hope, however, to present a fair selec- 
tion of the various practices and contrivances, which vary very 
much at different works. A gradual spirit of improvement 
has characterized the progress of all gas establishments, and 
improvements made almost imperceptibly year after year have 
brought their efficiency up to a high standard. This is evi- 
denced in the most practical manner both by the increased 
produce of gas and by the diminution of price to the con- 
sumer. In the Metropolis, few of the Companies now charge 
more than 4*. 6d. per 1000 feet for gas, while the price a few 
years ago ranged from 8*. to 10*. While most of the general 
arrangements have remained the same for the last 20 years, 
more especially those for which we are indebted to Mr. Clegg, 
a constant succession of improvements in the subordinate parts 
has vastly improved the value and efficiency of gas-lighting, 
which in fact has been doubled to the public. It will be seen 
from the chapter on Retorts that a highly scientific mode of 
applying heat for the distillation of coal has been gradually 
effected, and without referring to the combinations of clay and 
iron retorts, the effects of which are still disputed, it is certain 
that by successive steps the mode of heating and setting the 
retorts has reached a high ^degree of excellence. In the details 
of the hydraulic main and dip-pipes also, improvements have 
not been wanting ; as an instance of which may be noticed th& 



20 APPLICATION OF COAL GAS. 

employment of wrought iron for the material of the main, 
instead of the cumbrous and heavy castings formerly in use. 
The same remarks apply to the purifiers, condensers, gas- 
holders, and other parts of the apparatus. Again, as connected 
with the distribution of gas, the modern system of fittings de- 
serves especial commendation when contrasted with the very 
imperfect mode in which this kind of work was originally exe- 
cuted. . The business of the gas-fitter — one of considerable 
skill and nicety — has-been in fact created since the general in- 
troduction of gas-lighting. When we consider the difficulty of 
confining in metallic pipes a subtile aeriform fluid of only half 
the specific gravity of common air, conveying it into all kinds 
of corners and all parts of buildings, in addition to the use of 
innumerable cocks and burners, the delicacy and nicety required 
in every part of the gas-fitter's manipulation are entitled to con- 
siderable admiration ; while the advantage he has derived from 
the beautiful invention of welded iron tubes and pewter-drawn 
tubes, contrasted with every other form of metallic tubing 
originally in use, adds considerably to his facilities. Gas may 
now be burnt in private houses without the slightest effluvia 
or escape from any of the pipes, joints, or fittings, and if pro- 
perly purified may be burnt in any kind of room, however 
highly ornamented by gilding and otherwise. 



CHAPTER II. 

ON THE CHEMISTRY OF GAS-LIGHTING. 

Bodies capable of yielding- Gas — Description of the production of Gas 
during the burning of an ordinary Candle — Derivation of the word 
Gas — Products from the distillation of Coal. 

All organic bodies, that is to say, all bodies derived either 
from the animal or vegetable kingdom, will yield gas when de- 
composition takes place. When such decomposition is effected 
by means of heating organic matter in close vessels, the gas 
may be collected, and when confined so as to be allowed to 
issue only in a small jet out of a minute orifice, the jet may 
be ignited and made to burn, so as to give out light and at 
the same time heat, sufficient to inflame other portions of 
gas as they issue forth, and so to keep up the continuity of 
the flame. 

The gases so derived are named from the chief constituents 
of organic bodies : thus we have hydrogen gas, oxygen gas, 
nitrogen gas, carbonic acid gas, — named from the elements 
hydrogen, oxygen, nitrogen, and carbon, which constitute the 
principal part of all organic matter. 

We have also gases named from the combination of these 
elements, either with each other or with foreign bodies, fre- 
quently associated with organic matter, as carburetted hydro- 
gen gas, sulphuretted hydrogen gas, carbonic oxide, &c. 
These names are so expressive that it is scarcely necessary to 
explain that carburetted hydrogen is a compound of the 
vapour of carbon with hydrogen, that sulphuretted hydrogen 
is a similar compound of the vapour of sulphur with hydrogen, 
that carbonic oxide is the vapour of carbon in combination 
with oxygen, &c. 

Coal and other bodies capable of yielding gas by dkt&a&sfe. 
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are composed chiefly of oxygen, carbon, and hydrogen. When 
the heat reaches a certain point the combination of these ele- 
ments is destroyed, and they enter into new combinations, the 
principal of which are the various gases arising from the distil- 
lation. Thus, when one volume of oxygen combines with one 
volume of carbon, carbonic oxide is formed, and when an- 
other volume of oxygen enters into combination an acid gas is 
produced, termed carbonic acid gas. Again, at one part of the 
process nearly pure hydrogen gas is liberated, another portion 
of gas is formed by carbon, combining in the proportion of one 
volume of carbon to two volumes of hydrogen; and lastly, 
olefiant gas is the product of equal volumes of carbon and 
hydrogen entering into combination. 

In all the contrivances which have been used for producing 
light from oleaginous or fatty matters, either in lamps or in 
the form of candles, the various component parts of gas, as the 
carbon and hydrogen, are actually vaporized and put into the 
form of gas before their combustion takes place. In this 
point of view every wick burning in any kind of lamp or 
candle is, in fact, a small laboratory for the production of gas, 
which is burnt or consumed at the instant of its production. 
It was reserved for the chemistry of our own day to point out 
this analogy, as it was reserved for the practical skill of our 
engineers and machinists to bring to perfection the means of 
producing this gas on a large scale, of storing it for consump- 
tion, and then sending it forth whenever required into our 
streets and houses, to communicate light and enable mankind 
to pursue its useful and laborious avocations when darkness 
shrouds the earth, as well as in the light of day. 

A beautiful action takes place in the combustion of an ordi- 
nary lamp or candle, in which the wick surrounded by flame 
represents a series of capillary tubes, to convey the melted 
matter in the form of gas into the flame. This action will 
be very apparent to any one who will watch the process of 
combustion in an ordinary wax or tallow candle. First, he 
« ffljMMtiYe a cup of melted matter around the wick, in which 
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a great number of small globules are seen constantly in pro- 
gress towards the wick. Many of these globules are also seen 
standing on the wick, studding it all oyer like little sparkling 
diamonds. Let us consider what these globules contain. 
They are filled with the inflammable gas produced by the heat 
applied to the melted wax or tallow, but fortunately for the 
success of this method of burning, these globules do not break 
and set free the gas until they come into close contact with 
the flame, when the heat becomes so great that the expansion 
of the gas causes each little globule to break and add its con- 
tents to the already burning flame. How beautiful is this 
provision ! How exquisitely constituted are the properties of 
matter to cause this beautiful result ! In every common candle 
we behold an apparatus of exquisitely refined ingenuity, in 
which gas is being enclosed in little microscopic pellicles, 
which are floated to the base of the wick. There hundreds of 
these little tiny globules are seen ascending the wick, while 
hundreds of others are every instant exploding and dis- 
charging their contents into the flame which is thus made up 
by the instant combustion of gaseous matter at the moment 
when it leaves the liquid form, through the medium of this 
intermediate stage, in which it assumes the form of an in- 
finitely small translucent globule. 

It is obvious if the gas were to be actually formed at the 
surface of the small cup of melted fluid already spoken of, the 
surface being usually half an inch below the nearest part of 
the flame, that the gas would immediately diffuse itself 
through the air, and combustion could not proceed. It is only 
through the property which the gas possesses of taking an 
intermediate form and not finally assuming its gaseous condi- 
tion till it reaches the flame, that the effect of continued com- 
bustion is preserved. 

Before proceeding to consider the various products produced 
by the distillation of coal as practised in gas manufactories, it 
may be useful to glance at the origin of the word gas. The 
word is very slightly altered from a German monosyllable o€ 
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the same sound, signifying the ebullition which attends the 
escape of aeriform fluids from substances in a state of effer- 
vescence. 

The gaseous products arising from the distillation of coal 
may be divided into three classes: — 1st, those which are 
valuable for purposes of illumination, as the defiant gas and the 
hydrocarburcts or vapours of volatile oil. 2nd, Those which 
bum with a bluish flame and give out very little light. These 
are — simple hydrogen gas, carburetted hydrogen, and carbonic 
oxide. .'3rd, The injurious products which require to be sepa- 
rated by purification, not only on account of the evil effects 
arising from breathing them, but also on account of their 
injury to colours, &c. These are — carbonic acid, ammoniacal 
gases, sulphuretted hydrogen, and sulphurct of carbon. Cyano- 
gen is also another product of distillation, due, like ammonia, 
to the presence of nitrogen in the coal, and when any alkaline 
matter is present cyanates are frequently found. 

I propose to notice each of these products somewhat more in 
detail. The Olkfiant or oil-making gas is so named from its 
property of combining with chlorine and forming an oil. It con- 
sists chemically of 2 atoms of carbon united with 2 atoms of 
hydrogen, its chemical equivalent being c, h,=6x2 + 
1x2=14. Hence 100 parts of defiant gas contain by 
weight 8;V7 of carbon and 14*3 of hydrogen. 

defiant gas containing double as much carbon as the ordi- 
nary carburetted hydrogen burns with much greater brilliancy 
and gives out a far superior light, owing to the incandescence 
of the particles of carbon. When prepared in a state of purity 
by the chemist, who obtains it by heating spirits of wine with 
sulphuric acid, the defiant gas is colourless, neutral, and but 
slightly soluble in water. When mixed with oxygen it ex- 
plodes with great violence. Its density is • 981, the weight of 
100 cubic inches being 30*57 grains. It is the proportion of 
this gas present in the ordinary coal gas used for economical 
purposefjsJjch determines the value of the latter. The 
quamtf^^^^fcpt gas present in any given mixture is ascer- 
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tained by mixing chlorine with the gas in the absence of light, 
and collecting the product over water, when a yellow oily 
liquid is produced, which trickles down and settles on the 
surface of the water, and shortly after sinks down in drops to 
the bottom. The oil thus formed consists of one atom of 
chlorine united to one atom of olefiant gas, so that its equiva- 
lent is 36 + 14 = 50. Hence •£$ of the product will be the 
weight of olefiant gas combined, and thus may be ascertained 
the proportion of it contained in the mixed gas. 

Estimated by this test, there are few specimens of mixed gas 
which contain more than 18 per cent, of olefiant gas and 
hydrocarburets, while the density of such a mixed gas would 
not be less than "640. It is probable that the common gas in 
every-day use in London does not contain more than 4 or 5 
per cent, of olefiant gas with a specific gravity seldom exceed- 
ing # 450. 

Dr. Henry made many experiments on olefiant gas, the 
weight of which he found the same as carbonic oxide. 

grain*. 
According to him a cubic foot weighs • , . 520 
And requires for its combustion 3 cubic feet of 

oxygen, weighing 1800 

2320 

The product of combustion is 2 cubic feet of carbonic 

acid, weighing 1700 

And water 620 

2320 

The hydrocarburets are liquid carburets of hydrogen, the 
vapours of which enter into mixed gas. These mostly consist 
of carbon and hydrogen combined in the atomic properties of 
these bodies, namely in the proportion of six to one by weight. 
The vapours of the hydrocarburets found in coal gas increase 
the illuminating power, and impart to it a peculiar odour, which 
will always accompany coal gas, however completely it may be 
free from sulphuretted hydrogen. 

B 
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II. PRODUCTS OP DISTTLLATIOX YIELDING AX CTmiOl 

DEGUE OP LIGHT. 

We now come to the second dais of products, — namely, those 
which pre out considerable heat hot Tery littk light. 

The first of these is pure hydrogen gas, which is most 
readily obtained for experimental purposes by the decomposi- 
tion of water. When steam is passed through a red-hot tube, 
or through iron filings heated to redness, the oxygen of the 
water unites with the iron, and the hydrogen is set free. This 
is the most simple and direct process of making hydrogen gas, 
but not the most easy. If a few pieces of sine be placed in t 
jar about half-full of water, and sulphuric acid be added, 
a curious effect takes place, which for our purpose may be 
called a decomposition of the water, the oxygen combining with 
the zinc, and the acid and the hydrogen of the water passing 
off as gas. I need scarcely allude to the beautiful philosophi- 
cal experiment of decomposing water by means of voltaic elec- 
tricity, in which perfectly pure oxygen is collected over the 
plate connected with the copper extremity of the battery, and 
hydrogen in a state of equal purity over the plate connected 
with the zinc extremity. 

Hydrogen is the lightest of all the known gases, its specific 
gravity being 73, that of air being 1 000. As commonly produced 
in chemical experiments from sulphuric acid acting on iron or 
zinc, it contains impurities which give it a disagreeable smell, 
but well-purified hydrogen is nearly free from any offensive 
odour. 

A cubic foot of hydrogen weighs . . 37 grains 
And, according to Dr. Henry's experi- 
ments, requires for its combustion . 300 grains of oxygen 

The product of combustion being • . 337 grains of water. 

This agrees as nearly as possible with the proportions derived 
from the chemical equivalent of water, which consists of 
one atom of hydrogen whose weight is 1, combined with one 
atom of oxygen whose weight is 8. Now 37 and 300 are 
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very nearly in the proportion of 1 to 8. Again, looking at the 
composition of water by measure, it appears that each volume 
of oxygen combines with two volumes of hydrogen to form 
water. Dr. Henry found that it required exactly one measure 
or volume of oxygen to consume two measures of hydrogen, 
and the accuracy of this determination is beautifully confirmed 
in the modern experiment of decomposing water by voltaic 
electricity. When this experiment has been continued a suf- 
ficient time, it will be found that the volume of hydrogen is a 
little more than double that of the oxygen. The excess is 
owing to the greater solubility of oxygen in water, otherwise 
the proportion of 2 to 1 would be obtained exactly. 

Carburetted Hydrogen is a compound of carbon and hydro- 
gen, in the proportion of one atom of the former to two of the 
latter, its chemical equivalent being c h 9 . It is this com- 
pound which forms the- inflammable fire-damp of coal-mines,, 
and which proceeds abundantly from the decomposition of 
vegetable substances. This gas is colourless, nearly inodor- 
ous, and does not affect vegetable colours. By measure it con- 
sists of one volume of the vapour of carbon and two of hydro- 
gen, which on combination are condensed into one volume. 
By weight the gas contains six parts of carbon and two of 
hydrogen; or 100 parts contain by weight, 

Carbon .... 75 
Hydrogen ... 25 

This gas is very inflammable, and when mixed' with a double ~ 
proportion of oxygen it is readily explosive by means of a 
spark : the product remaining after explosion is carbonic acid, . 
equal in volume to the carburetted hydrogen. Now, as car- 
bonic acid contains its own volume of oxygen, it follows that 
the other volume of oxygen has combined with double its. 
volume of hydrogen, this being the proportion required in 
order to render the mixture explosive. It follows from this 
experiment that a measure of carburetted hydrogen contains 
its own volume of carbon and twice its own volume of hydro- 
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gen, the three Tolumes when mixed forming only one volume. 
Its density is '5594, the weight of 100 cubic inches being 
17*41 grains. 

Pure carburetted hydrogen gas has very little odour, and 
may be respired with safety. The unpleasant smell of com- 
mon coal gas is due to the presence of impurities. In its 
natural forms of marsh gas and fire-damp, carburetted hydrogen 
is generally contaminated with nitrogen and with a small pro- 
portion of carbonic acid gas. Carburetted hydrogen burns 
with a flame far surpassing hydrogen both in density and 
illuminating power. 

grains. 
A cubic foot of this gas weighs .... 300 
Requires for its combustion 2 cubic feet of oxygen . 1200 

1500 



The products are 1 cubic foot of carbonic acid . 817 
And water 683 

1500 



Carbonic Oxide, or the protoxide of carbon, consists of one 
atom of carbon and one of oxygen, its atomic weight being, 
carbon 6 + oxygen 8 = co = 14. Hence, it consists by 
weight of 43 per cent, of carbon, and 57 per cent, of oxygen. 
Carbonic oxide is prepared in the laboratory by passing car- 
bonic acid over red-hot charcoal or metallic iron, by which 
half its oxygen is removed, and it becomes converted into car- 
bonic oxide. This change also explains the mode of its 
formation in the process of distilling coal for gas-making pur- 
poses. Carbonic oxide contains half its volume of oxygen, is a 
combustible gas, and burns with a beautiful blue flame, the 
product of its combustion being carbonic acid. This gas 
is extremely poisonous, even worse than carbonic acid, is 
colourless, and possesses very little odour. Its specific gravity 
is '973, the weight of 100 cubic inches being 30'21 grains. 
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III. INJURIOUS PRODUCTS. 

Carbonic Acid is another well-known oxide of carbon, con- 
taining two equivalents of oxygen to one of carbon. Its che- 
mical composition is denoted by the expression co,; its 
atomic weight being 22, and proportions being 72*73 per cent, 
of oxygen, and 27*27 per cent, of carbon. This gas is readily 
procured in the laboratory by decomposing any of the earthy 
carbonates, as chalk or limestone, with a stronger acid, which 
forming a new combination with the earthy base sets free the 
carbonic acid of the carbonate. Carbonic acid gas is without 
colour, and though possessing an agreeable pungent taste and 
odour, cannot be breathed for a moment with impunity, as it 
rapidly produces the effect of suffocation and insensibility. 
This gas is familiar to us as the fatal choke-damp of mines, as 
the fixed air in champagne, bottled beer, soda water, &c, and 
as the heavy gas which floats over the large Tats in breweries 
while the beer is undergoing the process of fermentation. 

The specific gravity of this gas is 1*524, the weight of 100 
cubic inches being 47*26 grains. Not only is this gas entirely 
uninflammable, but it instantly extinguishes flame even when 
diluted with three times its volume of air. The carbonic acid 
gas, owing to its great affinity for lime, is readily separated 
either by being exposed to the absorption of hydrate of lime, or 
that of lime diffused through water, as in the wet-lime purifiers. 
It is extremely injurious in gas intended for illuminating pur- 
poses, as it tends directly to destroy combustion. At the same 
time the great density of carbonic acid gas would give to any 
compound containing it a false appearance of value by exhibit- 
ing a high specific gravity, and hence its presence may reason- 
ably be expected in gas with feeble illuminating power and 
considerable density. 

graini. 
According to Dr. Henry, a cubic foot of carbonic oxide weighs 520 
And requires for its combustion half a cubic foot of oxygen, 
weighing 300 

The product being carbonic acid <*»*& 
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Ammonia is produced daring the distillation of coal by the 
union of hydrogen with the azote or nitrogen which is contained 
in coal, as in all other organic substances. In forming ammonia, 
one atom of nitrogen unites with 3 atoms of hydrogen, the che- 
mical formula being nh, = 17*06, and the proportions by 
weight being 82*41 per cent, of nitrogen, and 17*59 per cent 
of hydrogen. The density of ammonia is *589, the weight of 
100 cubic inches being 18*26 grains. Two volumes of ammo- 
nia contain by measure three volumes of hydrogen and one of 
nitrogen, the whole being condensed to the extent of one-half. 
Ammonia is produced abundantly in nature from the decompo- 
sition of animal and vegetable substances : the gas is colour- 
less and very pungent, acting strongly on the mucous m'em- 
brane of the nose, eyes, and throat. The greater part of the 
ammonia is separated from gas by the condensing apparatus, 
the siphons of which admit the tar and the ammoniacal liquor 
to flow off into the same tank. The difference in the specific 
gravity of these two liquids produces a sufficient separation, 
the ammoniacal liquor floating on the surface of the tar. The 
ammoniacal liquor is the principal source from which ammonia 
is procured ; and numerous patents have been taken out for 
improvements in the mode of treating this liquor, in order to 
effect the production of carbonates, muriates, and other salts of 
ammonia. The value of ammoniacal liquor as a manure for top- 
dressing grass lands and other applications has been much in- 
sisted on of late years. When diluted with four times its bulk 
of water and applied by means of cylinder carts or other con- 
trivances for distributing liquid manure, the effect is said to be 
highly beneficial. 

Although the ammoniacal liquor is at present the only source 
of ammonia in ordinary gas-works, there are other parts of the 
purifying process in which ammonia is separated, but not in 
sufficient quantities to be worth working. Where the breeze 
condenser is used, certain volatile oils together with ammonia 
are arrested ; also where dry lime is used for purification, some 
volatile salts of ammonia are arrested, and certain carbonates 
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and sulphates of ammonia are decomposed and the ammonia 
set free. Some of this free ammonia is afterwards absorbed by 
passing the gas through a sheet of water in a machine called 
the Washer. An account of Mr. Croll's process for entirely 
separating ammonia from gas will be found further on. 

Sulphuretted Hydrogen is one of the most injurious pro- 
ducts contained in impure coal gas, and the greatest atten- 
tion is now paid to the process of freeing the gas from this 
offensive compound. Sulphuretted hydrogen consists of one 
atom of sulphur combined with one atom of hydrogen, its 
atomic weight being 16*09 + 1 = 17*09 : by measure it con- 
tains one volume of hydrogen combined with £th of a volume 
of the vapour of sulphur, the two being condensed into one 
volume. The specific gravity of sulphuretted hydrogen is 
greater than that of common air, namely, 1*171, the weight of 
10Q cubic inches being 36*33 grains. 

This offensive gas is most abundantly produced in the early 
part of the distillation, and towards the close of the process it 
disappears altogether. It increases the iUuniinating power of 
the gas, but this is far more than counterbalanced by the pro- 
duction of sulphurous gas from its combustion : this latter, be- 
sides being very injurious to all metallic surfaces, is extremely 
offensive and irritating to the breathing organs. 

Sulphuretted hydrogen is a colourless gas, with an offensive 
taste and odour resembling that of putrid eggs. It is inflam- 
mable, burning with a blue flame, and emitting a suffocating 
smell. The effect of sulphuretted hydrogen in tarnishing metal 
is a certain indication of highly impure gas. This gas tarnishes 
silver plate as well as plated articles, and gives rise to suffo- 
cating vapours like those from the burning of a brimstone 
match. One of the most delicate tests for the presence of sul- 
phuretted hydrogen is to expose paper moistened with a solu- 
tion of acetate of lead to a jet of the gas ; if any sulphuretted 
hydrogen be present, the surface of the paper is immediately 
blackened by the precipitation of metallic lead. This is one of 
the most severe tests of purity which can be applied to coal gas, 
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and although common at gas-works in this country, 
d'llurcourt, the author of a recent work on the subjet 
gas, doubts if there is a single establishment in France Wi 
this test could be applied without detecting sulphuretted hyi 
gen. This gas possesses acid properties, its solution redden 
litmus paper. Nearly all coal contains more or less sulph 
usually in combination with iron, in the form of sulphurets 
iron pyrites. During the process of distillation these sulphur* 
are decomposed ; the sulphur being driven off in vapour, am 
combining with hydrogen, the product is sulphuretted hydro- 
gen. A considerable quantity of this compound is supposed to 
be separated by the condenser, and to be contained in the ammo- 
niacal liquor ; nevertheless a considerable quantity still remains 
in the gas, sufficient to render the purification by lime absolutely 
necessary. This purification is effected either by means of dry 
quick-lime merely sprinkled with water, or by means of wet lime 
in what are termed wet-lime purifiers. When dry lime is used 
it is necessary to have the lime greatly in excess, as it ceases to 
absorb sulphuretted hydrogen long before it becomes saturated. 
The absorbing action of the lime is said to be much increased 
by adding hydrous sulphate of soda : this has been proposed 
by Prof. Graham, (Phil. Mag., June, 1841,) who states that on 
the addition of the sulphate of soda the action continues till 
two equivalents of sulphuretted hydrogen have been absorbed 
by one equivalent of lime. The lime is entirely converted into 
gypsum or sulphate of lime, and the whole of the soda becomes 
bi-hydro-sulphuret of soda, which might easily be washed out 
of the lime : this bi-hydro-sulphuret may be readily again con- 
verted into soda by roasting it, and thus might be used over 
and over again to mix with the lime in the purifiers. 

M. Penot has recommended the employment of sulphate of 
lead in solution for purification in towns where dye-works are 
situate, and where the sulphate of lead can be economically 
procured. The pipe delivering the gas should dip 8 or 10 
inches into the solution, when a double sulphuret of lead will 
be precipitated, and the gas will be freed from sulphuretted 
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hydrogen, but will still require to be passed through lime to 
separate the carbonic acid and to decompose the carbonates of 
ammonia. 

Sulphuret of Carbon. — There are two compounds of sulphur 
with carbon whose presence is suspected in coal gas, and which 
at the present moment are not successfully separated from it. 
The one is a gaseous compound consisting of one atom of 
sulphur combined with one of carbon. The other is a very 
volatile liquid composed of two atoms of sulphur and one of 
carbon. This is termed the bisulphuret of carbon,— a trans- 
parent colourless liquid, which boils at 110°, and emits vapour 
of considerable elasticity at common temperatures. The blue 
and livid appearance of some gas-lights may not improbably 
be due to the presence of the vapour of this bisulphuret. The 
problem of separating the sulphurets of carbon from coal gas 
is one of some difficulty; because, although the means of 
decomposing it are perfectly well known, yet these means are 
expensive, and it happens also that the same process would 
equally decompose the valuable defiant gas and the carburetted 
hydrogen. 

Cyanogen and Cyanatet.—^Ohe property of nitrogen to unite 
with carbon and form cyanogen has been much studied of late 
years. Cyanogen is an inflammable gas, burning with a 
beautiful purple or peach-blossom coloured flame, generating 
carbonic acid and setting free nitrogen. It contains two 
equivalents of carbon and one of nitrogen, its atomic weight 
being 26. Cyanogen exists in considerable. quantities in the 
ammoniacal liquor of gas-works, and the separation of the 
cyanates for the purpose of forming cyanide of potassium, 
prussiate of potash, ferrocyanide of iron (Prussian blue), and 
other compounds, is now becoming an object of importance. 
According to M. Jacquemyns, (Annales de Physique et de 
Chimie for 1843, p. 293,) the quantity of cyanogen and 
cyanates contained in a gallon of ammoniacal liquor is suffi- 
cient, when saturated with sulphuric wMl, to torav ^So. ^ *&fc. 
of iron 24 troy grains of Prussian \JIto. 

b 5 



CHAPTER III. 

ON THE COALS USED FOR GAS -MAKING, AND KARL 
EXPERIMENTS ON THE DISTILLATION OF COAL. 

The composition of coal is exceedingly various, and it wouL 
be quite impossible within the limits of this work to give any- 
thing like a minute description of the numerous varieties which 
are met with even in this country. Several of our single coal- 
fields frequently contain a complete suite of specimens, ranging 
from the most bituminous down to the most anthracitic or 
purely carbonaceous varieties. I shall only attempt, therefore, 
a very general classification of coals, and shall adopt the 
popular division proposed by Dr. Thomson in the ' Annals of 
Philosophy,' vol. xiv. He divides pit coal into three species; 
Brown Coal, Black Coal, and Glance Coal. The brown coal 
is a kind of lignite or imperfect coal found at Bovey Tracy in 
Devonshire, also in several parts of Ireland, France, Germany, 
Iceland, &c. It contains a large quantity of bitumen, pro- 
ducing volatile carburets when distilled: the texture is 
fibrous, with evident marks of vegetable origin: it burns 
with a bright flame, yielding a peculiar bituminous odour. 
It does not occur in sufficient quantity to render it of much 
importance in the manufacture of gas. 

Glance coal or anthracite consists almost entirely of carbon, 
and contains only a very small proportion of volatile con- 
stituents. Although extremely valuable as a heat-giving coal, 
it is almost worthless in the manufacture of gas. It exists in 
great abundance in the western part of the South Wales coal- 
field, in Kilkenny, in Pennsylvania, and other parts of the world. 

The varieties of black coal are for the most part valuable 
for the purposes of the gas manufacture. They are divided 
by Dr. Thomson into four sub-species, — namely, caking coal, 
splint coal, cherry coal, and cannel or parrot coal. 
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Caking coal, to which variety belong most of the Northum- 
berland and Durham coals, is so named from the melting which 
takes place in a common fire-place, by reason of which the 
separate particles of coal become united together into one 
pasty mass or cake, which requires to be frequently broken up 
to allow currents of air to penetrate and promote its combus- 
tion. This coal is soft and easily broken, is very inflammable, 
and burns with a lively flame, giving out more heat in an open 
fire-place than most of the other kinds. 

Splint coal, so called from its splintery fracture, is broken 
with more difficulty than the caking coal, and requires a 
higher temperature to fight it. This is the best coal for 
making coke, and when used in furnaces gives out the greatest 
amount of heat. To this variety belongs the greater part of 
the coal used in South Wales for smelting the ores of iron and 
copper. It is probably the best coal in England for making 
coke for locomotive engines, and is the coal which appears 
from the experiments of Sir Henry de la Beche and Dr. Lyon 
Playfair to be the best adapted for steam boilers in the Navy. 

Cherry coal is about the same hardness as caking coal and is 
easily broken; it is also easily lighted, and burns with a 
bright flame. It burns out quickly, not caking at all, but 
leaving fully 10 per cent, of ash, while the best Newcastle 
caking coal leaves only H per cent. 

Cannel coal is harder than any of the other varieties, and is 
frequently cut into ornaments, which are not inferior in lustre 
to jet : it is very easily kindled, burns with a bright flame, 
and does not soil the bars of a grate. Cannel coal is exten- 
sively dug in Scotland, and is also procured from Lancashire, 
whence it is brought to the London market, both for use in 
gas-works and for domestic consumption, its cleanliness and 
cheerful crackling mode of burning being its chief recommen- 
dation. Cannel coal, according to Dr. Thomson, yields 11 
per cent, of ashes. 

Dr. Thomson gives the following analysis of the several 
varieties of black coal : 
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Caking. 


Splint. 


Cherry* 


Cannel. 


Carbon . , 


. . 75-28 


750 


74-45 


64*62 


Oxygen . 


. . 4*58 


125 


2*93 


_ 


Hydrogen 


. . 418 


6-25 


12-4 


21-56 


Nitrogen . 


. . 15*96 


625 


10-22 


13-72 



The following Table shows the proportions volatilized by 
heat and the coke which remains : 

Caking. Splint. Cherry. Cannel. 

Volatile matter. . 774 647*3 522*5 400 

Coke 226 352-7 477*5 600 



1000 10000 10000 1000 

We are probably indebted to that eminent philosopher the 
late Dr. Henry, of Manchester, for the earliest scientific expe- 
riments on the distillation of coal, and also for the first experi- 
ments on the value of the gases produced. To this distin- 
guished chemist we owe the announcement (Phil. Trans, of 
Royal Soc. for 1808) that the illuminating value of coal gas is 
in proportion to the quantity of oxygen required for its com- 
bustion, and that the specific gravity, although it does not 
bear an exact correspondence to the chemical properties of the 
gas, yet affords a measure of illuminating power sufficiently 
accurate for practical purposes. 

Dr. Henry's experiments on distillation were chiefly made 
with the Wigan and other cannel coals ; but it is remarkable 
that the quantity of gas which he obtained falls far short of 
that which is yielded in actual practice on the large scale. 
For instance, he finds that 340 cubic feet of gas are produced 
from 120 ibs. avoirdupois of Wigan cannel coal. This is only 
at the rate of 6347 feet per ton, a quantity far less than that 
now produced at all the London gas-works from the bitumi- 
nous coals of Newcastle and the neighbourhood, which are 
inferior, as gas-producing coals, to the Wigan. The quantity 
produced at the present time from Newcastle coal certainly 
does not fall short of 9000 feet per ton, and some recent 
authorities hare estimated the quantity at a mxwiVi Yi\$\et ?**<&• 
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The gas spoken of by Dr. Henry is said by him to have an 
illuminating power equal to one mould candle of six to the 
pound when a jet of gas. consuming half a cubic foot per hour 
is employed. 

In Dr. Henry's experiments on coals he found that when 
a low red heat was used, small quantities of sulphuretted 
hydrogen and carbonic acid gases came over at first, in mix- 
ture with the other gases, but in a gradually diminishing 
proportion, till at length in the last products they were not 
discoverable at all. In the same way the largest proportion of 
olefiant gas was yielded at first, the quantity gradually dimi- 
nishing, as determined by the gas requiring less and less oxygen 
for its saturation. The gas from .the "Wigan cannel coal was 
found to possess the highest illuminating power, that from 
the anthracite of South Wales the lowest. 

Dr. Henry made the following experiments by collecting 
the gas at intervals in a bladder furnished with a stop-cock, 
which was fixed into an opening in the pipe between the 
retort and the hydraulic main. This he terms impure gas. 
The purified gas was freed from carbonic acid and sulphur- 
etted hydrogen by a solution of pure potash applied in very 
small quantity relatively to the volume of the gas, and with 
the least agitation adequate to the effect. 

Table showing the Quality of Gas from 1120 ibs. of Cannel 
Coal at different periods of distillation. 





100 measures of 










Impure Gas 


100 measures of Purified 


100 measures of 




Hours from com- 


contain 


Gas consist of 


Purified Gat 




Sulph. 
hyar. 






Other 


Nitro- 


consume 


give 




mencement . 


Carb. ac. 


Olef. 


Inf.Gases. 


gen. 


Oxygen. 


Carb. ac. 




-| an hour . . 


o* 


5* 


16 


64 


20 


180 


94 




1 hour . . . 


3 


3* 


18 


774 


4* 


210 


112 




3 hours . . . 


2* 


2* 


15 


80 


5 


200 


108 




5 „ ... 


• 2* 


2* 


13 


72 


15 


. 176 


94 




7 „ ... 


2 


2* 


9 


76 


15 


170 


83 




9 „ ... 


o* 


24 


8 


77 


15 


I 150 


I n V 


10* „ ... 





2 


6 \ n \ ?& 


\ Y*fc \ V^ ' 
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4 


4 \ 1* \ Sfc 


\ <tf 


L \ ^ 


^ 
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Excluding from the calculation the nitrogen gas, with 
various proportions of which the products were contaminated, 
the following Table shows the quantity of oxygen gas con- 
sumed and of carbonic acid gas produced by the really com- 
bustible part of the gas. 







Take 


Give 


100 measures of 


oxygen. 


carb. ac 


i hoar 


gas . 


, . 225 


US 


1 „ 


»» • 


. . 220 


117 


3 hours 


i» 


. . 210 


114 


5 ». 


w • 


. . 206 


108 


7 „ 


tt • 


. 200 


98 


9 „ 


tt • 


. . 176 


85 


10* „ 


" . * ' 


. .150 


70 


12 „ 


»t • 


, . 103 


45 



Table showing the Quality of the Gas from 1 120 fts. of common 
Coal at Clifton Gas 'Works, Manchester, at different period* 
of the distillation. 



Houn from com- 
mencement. 


100 measure* of 

Impure 6m 

contain 


100 measure* of Purified 
Gaa contain 


100 measures of 
Purified Gas 


Sulph. 
hyar. 


Carb.ac. 


Olef. 


Other 
Inf.Gases. 


Nitro- 
gen. 


consume 
Oxygen. 


give 
Carb.ac 


1 hoar Gas 
3 hoars „ 

& n » • 

* tt tt • 

9 tt n • 

11 tt r, • 


3 
2 
3 
1 
1 
1 


3 
2 
2 
3 

2* 
1 


10 
9 
6 
5 
2 



90 
91 
94 
80 
89 
85 






15 
9 

15 


164 
168 
132 
120 
112 
90 


91 
93 
70 
64 
60 
43 
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Comparative Table of the Qualities of Gases from Wigan and 
from common Coal at equal times from the commencement of 
the distillation. 

Oxygen consumed Oxygen conmmed 





by 100 measures 
of CannelgM. 


by 160 mason 
of Clifton gas 


1 hour Gas . 


• . 220 


164 


3 hours „ 


, . . 210 


168 


5 » ' » 


, . . 206 


132 


7 „ „ . 


. . . 200 


140 


" tt tt 


. . . 176 


123 


11 tt tt 


. . . 150 


106 



It appears from the above that gas from cannel coal has an 
illuminating power one-third greater than that from common 
coal. 

Dr. Henry states the quantity of gas procured from cannel 
coal at 7000 cubic feet per ton, and from common coal at 
6000 cubic feet per ton. 

One distillation of cannel coal mixed in the gas-holder re- 
quired 155 measures of oxygen gas for the combustion of 100 
measures of the gas, and gave 88 measures of carbonic acid ; 
but as this gas was contaminated with 15 measures of nitrogen 
in every 100, the oxygen required for saturating 100 measures 
of the really combustible part may be stated at 195, and the 
carbonic acid at 110. 

Dr. Henry is of opinion that on the large scale, as in the 
actual working operations of gas-making establishments, the 
quantity of defiant gas is greater than that yielded in small 
experiments. He attributes this to the greater regularity and 
uniformity of the temperature. 

Nitrogen is not evolved during the first hours of distillation, 
because in the first part of the process it combines with 
hydrogen and forms ammonia ; but when the retort and its 
contents are fully heated, and the heat well kept up, ammonia 
is either not formed, or, if formed, is again decomposed into its 
elements hydrogen and nitrogen, both, of ^\aetaT&s^\^ \x»kj& 
in the products of more advanced stages oi V)&fe fo^X&a&ssa- 
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There are two things which should be especially avoided in 
the manufacture of gas, — namely, too low a heat, and a too 
long continuation of the distillatory process. The effect of 
too low a heat is a great diminution of the gaseous products, 
the chief result of the distillation being the production of tar. 
The effect of continuing the distillation too long is, that gases 
of very feeble illuminating power are evolved together with 
nitrogen, which when once mingled with the combustible gas 
cannot be removed by any known method, and must seriously 
impair its illuminating power. 

I shall reserve for a future chapter some experiments on 
the comparative quantity of gas produced by different kinds 
of coal. 



CHAPTER IV. 

ON THE MANUFACTURE OF COAL GAS. 

Before entering on a description of the apparatus used in 
the manufacture of coal gas, it may be advisable to take a 
brief review of the various processes through which the gas 
passes, from the time of its first production till its arrival in the 
gas-holders to be stored for use. 

These processes may be conveniently divided into carbo- 
nizing and purifying, — the first comprising the distillation of 
the coal and the collection of the gas in the hydraulic main, 
— the second comprising all the changes effected in the gas 
between the hydraulic main and the gas-holders. 

1. Carbonization of the CoaL 

The first process is that, of heating the coal in retorts of iron 
or earthenware, or in brick ovens, applying sufficient heat to 
drive off the gas ; and when this is efficiently performed, the 
• product left in the retort is simply coke, chiefly consisting of 
carbon; and containing neither bitumen, tar, nor any other 
volatile matter, and incapable of yielding any more gas. The 
gas driven off from the coal passes up a stand-pipe from each 
retort, and descends down a dip-pipe into the hydraulic main, 
which is usually a tube about half-filled with water or tar, ex- 
tending across the ends of the retorts. The dip-pipes each 
pass below the surface of the tar, through which the gas bub- 
bles up into the space above, but cannot again return into any 
of the retorts ; so that the gas once arrived in the hydraulic 
main is fairly secured, and ready to be dealt with for the pur- 
pose of purification. 
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2. The Purifying Process. 

The gas when it leaves the retorts contains a consider! 
quantity of tar, besides ammonia, sulphuretted hydrogen, a 
carbonic acid, all of which require to be separated before 
becomes proper to dispense for illuminating purposes. 

The hydraulic main receives a considerable proportion of th 
tar and ammonia, so that in time the water originally placed ii 
the hydraulic main becomes displaced by the tar and ammo- 
niacal liquor deposited from the gas. Other proceedings how- 
ever are necessary to separate portions of tar and ammonia 
which remain in the gas after leaving the hydraulic main. 

As the order in which these processes are followed varies at 
different works, they can scarcely be described in a consecutive 
manner. In attempting to arrange them, however, I shall point 
out where the succession varies. 

a. The process of washing the gas is adopted for the pur- 
pose of separating ammonia, and consists of passing the gas 
through a simple sheet of water 6 or 8 inches in depth. 

b. The scrubber or breeze condenser is used for the same 
purpose, and is frequently adopted as a substitute for process 
a. It consists of passing the gas through layers of cinders or 
breeze, and acts mechanically in separating ammonia. 

c. The air or water condenser is used for the purpose of 
cooling the gas, and thereby causing tar and ammoniacal 
liquor held in suspension to separate .from it before subjecting 
the gas to the purification, by lime. 

d. The next process is that of passing the gas through 
either wet-lime or dry-lime purifiers, for the purpose of sepa- 
rating sulphuretted hydrogen and carbonic acid. 

Of the four processes here described, the two last — namely, 
e and d — are indispensable in all gas-works. The two first, a 
and 5, are sometimes omitted ; usually only one of them is 
used ; that is, where process a is adopted before the air or 
water condenser, the scrubber is altogether omitted. In some 
works, the gas on leaving the hydraulic main is passed through 
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process b, and then the gas is not washed by process a till 
after the lime purification, and in many works process a is alto- 
gether omitted. 

Process c is highly important, and much of the value of gas 
depends on the efficiency with which it is performed. Latterly 
an intermediate contrivance has been used for separating 
ammonia between the condenser and the lime purifiers by 
passing the gas through a metallic salt. This is Mr. CrolPs 
patent process, now used at the Central Gas Consumers 9 
Works, and some others. 

Where wet lime is used for purification it is usual to have an 
exhauster placed generally between the hydraulic main and 
the condenser, the object of which is to relieve the gas in the 
retorts from the pressure occasioned by the head of water which 
it has to pass through, where purification by wet lime is re- 
sorted to. Almost the same necessity for an exhauster exists 
where the lime is passed through a wash vessel. 

Such is a brief summary of the various processes through . 
which the gas passes before it reaches the gas-holder ; a sum- 
mary purposely made brief in this place, because each subject 
will be more fully treated on when we come to consider the 
apparatus used in each department. 



CHAPTER V. 

ON THE RETORTS USED IN GAS-MAKING. 

The iron or earthenware vessels in which coal is distilled for 
the purpose of driving off its gas are called retorts, — a name 
borrowed from the language of chemistry, in which a retort 
signifies any vessel either of glass, earthenware, or metal, in 
which distillation or decomposition is effected by the applica- 
tion of heat. The French, in their word cornue, have obvi- 
ously adopted the name of a chemical vessel in the same man- 
ner to designate the retorts used in the distillation of coal 
gas. 

The earliest experiments on the form of retorts appear to 
have been made by Mr. Murdoch, who in 1798 erected a gas 
apparatus at the works of Messrs. Boulton and Watt, at Soho. 
The retort used there was a circular tube whose diameter was 
equal to a third of its length. The retort was placed vertically 
over the fire-grate, and a horizontal pipe from the upper end 
conveyed away the gas. The open end of this retort was of 
course uppermost. The form of these vertical retorts was 
afterwards varied, as it was found very inconvenient to extract 
the coke from a retort which opened only at the top. The 
next form was somewhat in the shape of a wine decanter, that 
is, of larger diameter at the base than at the top : the fire 
acted on the bottom and sides of this retort. In the side 
close to the bottom was an opening for extracting the coke, 
and a vertical pipe went off near the top for carrying away the 
gas. This form did not answer, owing to the mass of coal lying 
too much in a heap, and not presenting a sufficient bottom 
surface, so that an outer coat of carbon was formed, which pre- 
vented the heat from penetrating quickly to the interior. 

The next contrivance was that of a cylindrical retort placed 
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diagonally in the furnace. From this the coke could he 
readily extracted at the lower end, hut the heat did not act so 
effectually as in the next form, which was that of a cylindrical 
retort placed horizontally. The shape of this last was varied, 
being sometimes cylindrical in section, sometimes oval or ear- 
shaped, hut the horizontal position and mode of setting were 
retained. 

IRON RETORTS. 

The various kinds of iron retorts in use at the present time 
are chiefly set horizontally, and are of uniform section through- 
out, except towards the open end, where they are either con- 
tracted slightly on plan and furnished with a flange to which 
the mouth-piece is bolted, or the open end is formed into a 
socket to receive the enji of the mouth-piece, and in some re- 
torts the section is quite uniform without any contraction. 
The mouth-piece is usually about 10 inches long, with a 
socket cast on it to receive the end of the stand-pipe which 
conveys the gas to the hydraulic main. The retort, therefore, 
has no opening cast in it for this purpose, hut is simply a tube 
or other figure open at one end. 

The iron retorts used by Mr. Croll, the Engineer of the 
Central Gas Consumers' Company, and for many other works, 
vary materially from those with mouth-pieces. His retorts 
are 19 J feet long, charged with coal at both ends, so that there 
is a lid at each end, but no separate mouth-piece. Close to 
one end of the retort a 5-inch hole is cast to receive a flange- 
socket for fixing the ascension pipe leading to the hydraulic 
main. These retorts will be more particularly described at a 
future page. 

Iron retorts may be divided into D-shaped or flat-bottomed 
retorts, — rectangular, elliptical, and circular retorts. The D- 
shaped are made of two principal sizes ; the small London D 
about 1 2\ inches wide by 1 2 J inches deep in the clear, and vary- 
ing in length from 6 to 9 feet, and the York D, which is usually 
made wider, generally 20 inches to 2 feet or even 30 inches 
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wide, by a height varying from 9 inches, to 14 inches, the 
length being variable within about the same limits as the 
small D. The rectangular retorts are usually about 18 inches 
wide by 12 inches deep, with the corners rounded off, and 
sometimes with the roof arched. Elliptical retorts are of 
various dimensions, the longer axis varying from 18 to 24 
inches, and the shorter from 11 to 18 inches. Besides the 
regularly shaped elliptical retorts there is a form termed ear- 
shaped, a section of which is shown in fig. 1 . The general 
size of this form, which has not been much used exeept by Mr. 
Clegg, who introduced and used it in Liverpool, is about 2 feet 
in breadth by 10 inches in height. The mouth-piece of this 
retort is not ear-shaped, but elliptical. 



Fig.l. 



Fig. 2. 



Kg. 3. 






Fig. 4. 



Fig. 5. 



Fig. 6. 






Figures 2 to 5, drawn on a scale of ^th of the full size, 
show sections of the other retorts mentioned above, fig. 2 
being the smallest sized London D, fig. 3 an intermediate sized 
D, and fig. 4 the York D. Fig. 5 is the section of a flat- 
bottomed semi-elliptical retort used in some of the Paris gas- 
works, and fig. 6 is the rectangular retort used in Philadel- 
phia. The dimensions given above for circular and elliptical 
retorts sufficiently explain their shape without the aid of 
sections. 

The usual' charge for iron retorts such as have been de- 
scribed is from 120 fes. to 200 fbs. of coal, according to their 
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size. "When charged every four hours they are said to be 
worked with four-hour charges. Various durations have been 
tried, as four, six, and eight hours, but six-hour charges are now 
generally adopted, so that the carbonizing power of a retort in 
twenty-four hours is usually four times the charge; as for 
instance, a retort charged every six hours with 1£ cwt. of coals 
is said to carbonize 6 cwt. in twenty-four hours. 

Circular retorts are made from 14 inches to 21 inches in 
diameter, their lengths ranging as described for the D retorts. 

In small country gas-works, where the retorts are set singly, 
one or other of these forms is used, but it is not unusual 
in large works where three, five, seven, or nine retorts are set 
in one oven, to see several different forms of retorts in the 
same bench. Frequently the lower retorts in the bench are D- 
shaped, and the upper ones circular or elliptical, the variations 
in shape and sectional area giving facilities for filling up to the 
haunches of the arch which is always built over the retorts 
when set in benches. 

The closed end of these iron retorts is generally square, 
but it is thought to be an improvement to have ends curved, 
as in the retorts of the Philadelphia gas-works, fig. 24. This 
shape is said to prevent the burning out of the back, so much 
complained of in the usual form. When retorts are charged 
with a scoop, as now generally practised, a very small quantity 
of coal is lodged at the further end : at the same time the heat 
is much fiercest at this end, and consequently the back of the 
retort is very soon burnt out. To remedy this evil, some in- 
telligent managers in using square-backed retorts direct the 
men to throw in several shovels of coal quite up to the end of 
the retort, and then to thrust the scoop well forward, and 
deliver its contents as far back as possible. It is said this 
method of heaping the charge at the further end prevents in a 
great measure the backs from burning out. In using retorts with 
circular ends this precaution is unnecessary, as the fire does not 
act with so much violence on the curved part, and the retort 
will wear out regularly when charged in the ordinary way. 
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Fig. 7. 



Kg. 8. 
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Figs. 7 to 11, drawn to a scale of ^yth or one inch to a foot, 
show details of a flanged mouth-piece for a small London D 
retort. Fig. 7 is a longitudinal section of mouth-piece, show- 
ing the socket cast on it to receive the stand-pipe, and 
also the lid affixed to the mouth. Fig. 8 is a corresponding 
elevation, showing the ear box, a, cast on each side of the 
retort to receive the ears, which are usually 14 inches long. 

Kg. 9. 





Fig. 9 is a front elevation showing the mouth-piece attached 
to the retort, but without the lid of the mouth-piece. Fig. 10 
is a side elevation, and fig. 11 is a plan of the mouth-piece 
attached to the retort, showing also the lid and the mode of 

Kg. 11. 




securing it to the mouth-piece, bb are the ears passing 
through the ear-boxes, a a, and secured by wedges, ee. d is 
the cross-bar through which passes the screw, e, which 
presses on the lid and firmly secures it to the mouth-piece. 
The part of the lid which presses against the edge of the 
month-piece is luted round with a composition of lime mortar 
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and fire-clay, which is pressed out round the edges and makes 
a perfectly gas-tight joint. 



Kg. 12. 



Kg. 13. 





Figs. 1 2 to 1 7, drawn on a scale of one inch to a foot, show 
various forms of lid. Figs. 12 and 13 show the outer and 
inner surface of a lid for a circular mouth-piece of 15 inches 
inside diameter. Figs. 14 and 15 show the same surfaces of 



Kg. 14. 



Kg. 15. 





a lid for an oval mouth-piece 16 x 13 inches in the clear, and 
figs. 16 and 17 show a lid for a small D mouth-piece 12£ 
inches X 12£. The* thickness of the lid in all these cases is 
-fths of an inch, hut the ribs marked a on the front elevation 
project -J-th of an inch, so that the thickness at the ears and at 
the centre where the screw presses is j-ths of an inch. The 
inner rim shown at b on the inside elevation projects fths of 
an inch inside the mouth-piece, and leaves £th of an inch 
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Kg. 16. 



Fig. 17. 





space all round between itself and the inner surface of the 
mouth-piece. 

It should he explained that when the lid is lifted off, the 
ears b b, figs. 10 and 11, are not removed, but are kept fixed in 
the ear-boxes, as shown in the drawings. In order to take out 
these ears, it is of course necessary to loosen the wedges, 
cc, figs. 10 and 11, when the ears can be immediately with- 
drawn ; but this is never done in the process of removing or 
fixing on the lid. 

There are various modifications of the parts connected with 
the lid, which may be briefly noticed. Sometimes the ear- 
boxes are so cast as to have no top, in which case they form a 
simple rectangular notch cast on each side of the mouth-piece. 
The ears, again, are not always perforated with the holes to 
receive the ends of the cross-bar, but have sometimes a simple 
notch in which the ear-bar rests. Both these modifications 
will be observed in the arrangement of the mouth-pieces in the 
Philadelphia Works, figs. 23 and 24. 

There is yet another method of fastening the lid, in which 
the screw is altogether dispensed with, as shown in figs. 18 
and 19. Here the ears form supports for an axis, a, which 
carries a lever formed at one extremity into a sort of excentric 
or cam, and carrying at the other end a globe of solid cast 
iron about 4 inches diameter. When the globular end of this 
lever is depressed, the cam presses with considerable force upon 
the back of the lid, and holds it as effectually in its place as 




the screw : in addition to which, if required, it is easy to 
increase the pressure by hanging on the globular end of the 
lever an iron ring or other weight. 

The usual iron cement employed where heat is present 
should be used for the joint between the mouth-piece and the 
retort. The flanges should not touch each other, but should 
be kept about £ths of an inch apart by iron wedges, and the 
najaent well filled in between them with a caulking chisel. 
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The cement is prevented from passing through and falling 
into the mouth-piece by having a strip of hoop-iron placed 
inside, which is removed when the joifit is finished. A che- 
mical union takes place between the iron surfaces and the 
ingredients of the cement, which renders it difficult to define 
the line of separation, and produces a joint perfectly imper- 
vious even to the most volatile and diffusible gas. 

The recipes for making iron cement vary considerably. 
Mr. Peckston says 1 ft. of iron borings or turnings are to be 
pounded in a mortar into the state of fine dust or powder ; 
these are to he mixed with 2 oz. of sal ammoniac in powder 
and 1 oz. of flower of sulphur ; the whole to be thoroughly 
incorporated by being pounded in a mortar. When required 
for use, take one part by measure of the above compound and 
mix it with 20 parts of pounded iron borings, adding water 
to bring the mixture to the consistence of ordinary mortar. 
This cement may be applied in making all sorts of flange 
joints, as in securing the mouth-pieces to the retorts, the dip- 
pipes to the hydraulic main, &c. 

Mr. Clegg's recipe is somewhat different : he uses 

Iron borings or turnings . . . . 32 oz. 

Sal ammoniac ' 1 „ 

Flower of sulphur 1 „ 

To be well mixed together; and kept dry for use. When re- 
quired, water to be added to bring the mixture to a proper 
consistency. 

The French employ for the same purpose a cement called 
the mastic d' Aquin, which is thus prepared : 

98 parts of clean iron turnings pounded and passed 
through a sieve. 

1 part of flower of sulphur. 

1 part of sal ammoniac dissolved in sufficient boiling 
water to bring the whole mass to the consistency of 
ordinary mortar. 
This cement is not prepared till required for use, and should 
be used as soon as possible. 
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The iron retorts which have been described are usually 1} 
inch thick, sometimes diminished towards the open end to 
Jths of an inch. The metal of the mouth-piece is usually from 
f ths to Jths of an inch in thickness. 

The following Specification of the iron retorts 19^ feet long, 
recently erected at the Central Gas Consumers' Works, is so 
clear as to render every part of them intelligible without the 
aid of drawings. 

Iron Retorts. — To be of the D form, 98 in number, each 
19 feet 6 inches long, 12£ x \2\ inches across inside, and 1£ 
inch thick ; cast on end, and made of equal quantities of 
Nos. 1 and 2 iron re-melted from the cupola. 

The whole of the retorts to be of uniform thickness and 
bore throughout, save the last 2 feet at each end, which shall 
diminish in thickness from 1 \ inch to Jths of an inch in 
thickness at the front ; the ends to be chipped perfectly flat. 

Ear-boxes to be cast on at each end, similar to those on an 
ordinary mouth-piece ; at one end the ear-box to be 6 inches 
long, and at this end a 5 -inch hole in the top of the retort, its 
centre < being 5 inches from the end, with four bolt-holes to 
admit £th bolts to fix on the saddle-pipe ; at the other end 
the ear-boxes to be only 3 inches long, and at this end there 
will not be any hole for ascension-pipe. 

Lids. — To be of the usual kind, two to each retort, f ths of 
an inch in thickness, excepting at the ears, where they shall 
be Jths of an inch thick ; the ears to be 1 \ inch deep where 
they rest on the ears of the mouth, and 2 inches long; 
the lid not to project beyond the width of the retort. A 
rim, standing f ths of an inch forward on the inside, mea- 
suring 12 inches oyer, thus leaving Jth of an inch of margin 
all round on the inside : a pattern will be provided. 

Cross-bars and Ears. — A set to each retort ; the ears to be 
of good malleable iron, not less than 14 inches long, 2 inches 
broad, and -fths inch thick, rounded on the outside end, 
having a slit through their thickness 4 inches long by f ths 
broad, terminating at 2 inches from the front. A. slit to be' 



brunton's patent retort. 55 

cut through the breadth of the ear an inch from the back end* 
-Jth of an inch wide and 4 inches long, with a thin flat wedge 
of iron to suit, as in the ordinary manner. 

The cross-bar screws to be made of the best and toughest 
wrought iron; the cross-bar to be 18 inches long, 2 inches 
broad at each end by £ inch thick, and 2\ inches broad at the 
centre, where it will be 2 inches over, with a 1-inch screwed 
hole through its centre, as in the usual manner. 

The cross-head to be 14 inches long of Jths round rod, save 
the screwed party which shall be 12 inches long, 8 inches of 
which shall be 1-inch round rod, with a strong square thread 
cut in it, as in the usual manner. 

Saddle -Pipes. — To be 98 in number,' 10 inches high, 5 inches 
diameter, common socket at top, concave flange at bottom 
2\ inches broad clear of the pipe ; the concavity of the flange 
to fit the convexity of the top of the retort. 

Four J-inch screwed bolts to fasten each to the retort. 

• 

brunton's patent retort. 

The retort used by Mr. Brunton at the West Bromwich 
Gas-Works is an extensive innovation on all other forms. 
Instead of being uniform in section throughout, the figure is 
that of a frustum of a cone, the diameter at the smaller end 
being 15 inches, and at the larger end 21 inches. The length 
of the retort is 4 feet 6 inches, and as it is set with the upper 
surface horizontal, the lower surface has a slope of 6 inches to 
facilitate the discharge of the coke, which is expelled not by 
being raked out as from the ordinary retorts, but by a peculiar 
contrivance, which will be presently noticed. The retort as it 
comes from the foundry is open at both sides, and provided 
with flanges for attaching a mouth-piece at each end. The 
mouth-piece at the small end is permanently attached with iron 
cement, bolts and nuts ; the mouth-piece at the other end is 
also permanently attached, but is provided with a lid secured 
by a screw like the lid of the ordinary moufo-^cfc^^fc^Bs^ 
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can be taken off, when required, to examine the interior of the \\ 
retort. The mouth-piece at the smaller end is provided with a 
hopper capable of holding from 20 to 28 fbs. of coal, the ad- 
mission of which to the retort is effected by withdrawing a 
slide, which is closed immediately after the delivery of the 
charge. The mouth-piece is also furnished with a horizontal 
projection, in which works a piston with its rod passing through 
a stuffing-box in the closed end of the mouth-piece. 

The retort is charged every hour or oftener with the contents 
of the hopper, and the piston is used for pushing forward the 
coal and expelling the coke in order to make room for another 
charge. The piston is worked by a double-threaded screw, which 
is turned round by means of a handle at the end. The coke 
which is driven forward to the wider end of the retort falls 
through a close shoot, the end of which is sealed by dipping 
into a cistern of water which receives the coke. A rake or 
shovel, or an endless chain with buckets, is afterwards used 
for taking the coke from the cistern. Mr. Brunton employed 
at West Bromwich a variety of Staffordshire coal, which swells 
considerably during the process of carbonization, and hence his 
reason for using a retort so much wider at one end than the 
other, in order that no obstruction might take place in the 
passage of the coke. The retort has been described as the 
frustum of a cone, and therefore having a circle for its sec- 
tion ; but the patentee does not confine himself to this form, 
and in fact rather prefers a D shape, the section at every point 
being a D, but increasing towards the wider end in about the 
same proportion as the circular one of which the dimensions 
have been given. 

Mr. Brunton, after working these retorts for some time, 
claims considerable superiority over the usual forms. He says 
that they effect a great saving of labour, time, and tools, as 
neither rakes, scoops, nor iron barrows are required. Besides 
this, the retort being open at each end, and the charge of fuel 
having to pass directly through it, there is no deposit of car- 
J^k which is an evil of great magnitude itv i\is o\&. retorte saul 
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hastens their destruction in a very remarkable manner. The 
old retorts seldom last longer than 10 or 12 months ; but Mr. 
Brunton states, that his retorts at the end of 12 months have 
been taken down and found quite free from incrustation. To 
the peculiar arrangement of his retort, in which the fuel is 
introduced at one end, and the coke and gas pass off at the 
other end, Mr. Brunton attributes great chemical advantages, as 
all the gases and vapours from the newly introduced coal must 
pass over the red-hot coke and undergo a more perfect decom- 
position than that which is possible on the old plan. 

It is the opinion of many chemists and others who have 
attended to the distillation of coal, that in the ordinary retorts 
a great deal of the vapour and solid carbon in a fine state of 
division, which pass up through the stand-pipes and form the 
tar and ammoniacal liquor, would, if subjected to a greater 
beat, be decomposed and form carburetted hydrogen, of which 
they contain both the elements. It must be obvious, if Mr. 
Brunton' s retorts do effect this decomposition, the produce of 
gas must be considerably increased, — a fact which derives con- 
firmation from his statement that the tar, naphtha, and ammo- 
niacal liquor, condensed from gas made in his retorts, is 50 per 
cent, less than in ordinary retorts. This being the case, as 
proved in the working of fifty retorts at the West Bromwich 
Works, it appears certain that this diminution of the residuary 
products must have been accompanied by a proportionate 
increase in the quantity of gas. 

These retorts were used exclusively at the West Bromwich 
Works during the engineership of Mr. Brunton. At his retire- 
ment, however, some years ago, the Directors became dksatis- 
fied with them, — finding they were more troublesome to 
manage and required greater attention than the ordinary kind; 
they were therefore taken down as they became worn out, 
and replaced by others, so that none of them are now iff use. 
Mr. Brunton still retains the highest opinion of them, but, 
being now advanced in years, is unable to ^n^ \J&fc «&kr&ssql 
which the subject requires. 

c 5 
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LOWES RECIPROCATING RETORTS. 

Mr. George Lowe, an eminent Gas Engineer, has patented 
a kind of retort and mode of working it, which secures the 
object of decomposing the bituminous vapours which first pass 
off from the distillation of the coal. Mr. Lowe's retort is open 
at both ends, — is twice the length of those commonly used, — 
is charged at each end, — and he prefers them made of wrought 
iron, the section being that of the small or London D. These 
retorts have a mouth-piece at both^ends, — each mouth-piece 
being fitted with stand-pipes, from which bridge-pipes and dip- 
pipes communicate with a hydraulic main which extends 
transversely across the line of retorts in the usual manner. 

Each dip-pipe passes into the tar of the hydraulic main, 
which seals it in the usual manner, but the dip-pipe from one 
end dips into a greater depth than at the other, so as to form a 
more complete seal. Hence, without some other contrivance, 
the gas would always pass off at that end of the retort which 
is sealed to the smallest depth, the resistance at that end being 
less than at the other. 

In order to give the power of regulating the escape so as to 
make it take plaee at either end, the shortest dip-pipe, or that 
with the smallest seal, is furnished with a cup-valve, which, 
when acted on by a lever, immediately closes the end of the 
dip-pipe so that the gas shall have no way of escape except at 
the other end of the retort, where the dip-pipe is longest. 

The retort being heated to a bright red heat is first charged 
^t the end of the long dip-pipe by a scoop, which reaches only 
half the length of the retort. Both mouth-pieces are then 
closed, and the gas passes off into both the stand-pipes, but the 
resistance being least at the further end, will of course only 
escape at that end after traversing the red-hot part of the 
retort which is designed to decompose the vapours of tar and 
ammonia first passing off, and thus tb increase the volume of 
gas. When the charge has been half-wot^d oft, twj \xv€our 
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hours, the lid is to be taken off the mouth-piece at the empty 
end of the retort, a charge of coal introduced, and the mouth- 
piece closed as usual. The cup-valve is at the same time to be 
raised in order to close the mouth of the dip-pipe at this end, 
so that the gas now evolved will mix with that passing off from 
the half-distilled coals of the other end, and escape into the 
hydraulic main from the long dip-pipe. Here again the de- 
composition of the vapours of tar and ammonia is said to be 
effected in the same manner as before. When another inter- 
val of four hours has elapsed, (that is, an interval of half a 
charge, supposing the retorts to be working with eight-hour 
charges,) the lid of the mouth-piece with the long dip-pipe is 
opened, and the residue or coke remaining from the first charge 
is withdrawn in the usual manner, and a new charge of coal 
introduced. The cup-valve of the shut dip-pipe is then opened, 
and suffered to remain open for four hours, and so this series 
of operations is carried on during the whole time of working. 

The principle of Mr. Lowe's patent has been for some time 
practised at the Pancras Station of the Imperial Gas Company, 
with some modifications, however, which I proceed to notice. 
The retorts are furnished with a mouth-piece at each end, but 
only one hydraulic main is employed. The retorts are set four 
in a bench, two being placed horizontally side by side, and two 
others placed above them. The mouth-pieces at the further 
end of each pair of retorts are connected by a pipe fixed to the 
mouth-pieces. These pipes are provided with valves so as 
to open or close the communication between the retorts as 
required. 

In place of any difference in the sealing of the dip-pipes, a 
valve is provided for each dip-pipe, so that the gas may be cut 
off from any one of the retorts, and made to pass into the 
hydraulic main through the dip-pipe of the other. The 
retorts are charged at each end, as described in the abstract I 
have given of Mr. Lowe's method ; and it is evident that by 
means of the valves in the connecting pipes and the di^-^v^&^ 
the mme effect can be produced as mMx/Low? ^ wuqr&. ««*- 
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trivance of two hydraulic mains, his two kinds of seals, and 
cup- valve. 



Fig. 20. 




Thus, let a b c d in fig. 20 
represent . the four retorts 
with their connecting pipes. 
The retorts being all brought 
up to the requisite heat, the 
lids of a and c are taken 
off, and the coal introduced 
at each end, when the lids 
are replaced. The slides 
in both the connecting pipes 
are then opened, and the 
slides in the dip-pipes belonging to a and c are both closed. 
The gas then passes from a and c into the empty retorts b and 
d, and escapes into the hydraulic main through the dip-pipes 
attached to those retorts. This continues during half the inter- 
val of the charge, namely, three or four hours, according as the 
time of -charging is six or eight hours. The slides in the con- 
necting pipes are then opened, the slides in the dip -pipes belong- 
ing to c and d are closed, and those of a and c opened. The 
other two retorts b and d are now charged, the valves in the 
connecting pipes again opened, and the gas first produced 
allowed to pass into a and c, there mingling with the last por- 
tion of gas produced in them and receiving the benefit of their 
great heat. At the end of the next period of three or four 
hours, as the case may be, the coke is withdrawn from a and 
c, when they are immediately charged a second time, and so 
the process goes on during the whole time of working. This 
method is said to be more complicated and to require more 
attention than Mr. Lowe's original plan. The gas produced 
on this principle by the Imperial Gas Company is said to be 
considerable in quantity, but only of average quality, owing to 
the deposit of some of its carbon in passing through the second 
red-hot retort. In Mr. Lowe's plan this evil is not so much 
experienced, as the red-hot surface to he passed, asex is wot so 
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great. Mr. Clegg suggests that the number of retorts in a 
bench should be increased, and that the gas first produced 
should not be allowed to pass over the heated surface more 
than an hour, instead of three or four hours as now prac- 
tised. 

REVOLVING "WEB RETORT. 

This kind of retort differs very widely from the ordinary 
form, and not less so in the mode of charging it with coal. In 
those which have hitherto been examined the coal has been 
added to the retort in large quantities, varying from 120 lbs. to 
200 lbs. for single retorts, and double this quantity for retorts 
which are charged at both ends. The disadvantages of this 
method are very obvious, and will be further alluded to. It 
may be sufficient at present to draw attention to the fact, that 
with the ordinary form of retorts, when heavy charging and 
low heats are employed, the quantity of tar is enormously 
increased, and taking an extreme case, it would be quite pos- 
sible to carbonize the coal in such a manner as to produce 
no gas at all, nothing in fact but tar and bituminous vapours 
which would condense into tar. This may with reference to 
gas-making be termed the extreme of bad management, and 
the very worst form of conducting the process. The other ex- 
treme, — namely, that in which the largest quantity of gas is 
made and the least quantity of tar, — is effected, as may be 
expected, by an entirely opposite system of working, that is, 
by employing a much greater heat, and by exposing the coal 
in a very thin stratum to be acted upon and converted into gas 
almost instantaneously. This object is effected in a very 
remarkable manner by the mode of working now under consi- 
deration, as it converts into illuminating gas nearly all that 
bituminous vapour which condenses into tar in the ordinary 
process. 

The retort employed for this purpose is flat-bottomed and 
about 26 inches wide, with an arched to^, fjN\&% *. tas^S&L 
of about 7 inches in the middle and 3 inc\&& afc. \)&fc i\&». kxw 
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endless chain or web is constantly passing through the retort, 
motion being given to the chain by the revolution of two six- 
sided drums, one of which is placed at each end of the retort 
The revolving web consists of plates of iron 2 feet long by 14 
inches wide, connected together by links of {-inch round iroa. 
The coal, broken into very small pieces, is admitted to the web 
through a hopper, which has a feeder fixed in the lower part or 
neck of the hopper. The feeder is merely a casting 2 feet 
wide, with six radial projections ; its diameter, which is usually 
about 9 inches, being so regulated that each of the six parti- 
tions of the feeder delivers enough coal to cover one plate 
of the web to the depth of f ths of an inch, or about 126 cubic 
inches of coal. The hopper is made large enough to contain a 
twenty-four hours' charge, which must be thrown in at once, 
and as the hopper is open to the retort, the top must be 
secured either by a luted cover or by a water-joint : the coal 
must either be ground or otherwise so reduced in size that no 
piece shall exceed the size of a common bean. The feeders are 
fixed on a revolving shaft worked by a strap at one end of the 
retort-house, the shaft extending the whole length, and having 
a feeder fixed on it for each retort. 

The revolving drums, of which there are two for each 
retort, are also fixed on shafts extending the whole length of 
the retort-house. The periphery of the drum is equal to the 
length of the retort (7 feet), so that in one revolution, which 
takes places in fifteen minutes, the coal will have passed 
through the retort and become converted into gas. The sec- 
tion of the carbonizing part of the retort has been already 
described ; the lower part, separated from the other by a mass 
of solid brick-work, has a rectangular section 26 inches broad 
by 5 inches deep, and through this part the empty half of 
the web is always passing. The whole retort is made of boiler 
plate, and has no lids or other openings except that at the 
base of the hopper where the coal is supplied to the web. At 
the opposite end of the retort is fixed the stand-pipe for carry- 
ing off the gas, and at this end also is a pipe descending 
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downwards for carrying off the coke or carbonized coal as 
it drops from the web in passing round the drum at this end. 

It will be observed, that all the processes connected with this 
retort, including both the charging with coal and the emptying 
oat the coke, are performed by machinery without the aid of 
nmmnal labour. The system has yet farther advantages. 

The very thin stratum of coal distributed on the plates 
of the web occupies fifteen minutes in passing through the 
carbonizing part of the retort, which is 7 feet in length by 
2 feet wide. Hence about 744 cubic inches of coal, or 21 ibs. 
in weight, occupy a heated surface of 2016 square inches, or 
nearly 100 square inches for every pound of coal. The con- 
sequence of this great heat so judiciously applied is the pro- 
duction of gas in greater quantity and of higher specific 
gravity than that made in the ordinary way. The working of 
this retort is said to yield 5*36 cubic feet of gas for each pound 
of Wall's End coal, or at the rate of 12,000 cubic feet per ton. 
The specific gravity of the gas will be about '490. Each 
retort will carbonize about 18 cwt. of coal in twenty-four 
hoars, whereas few retorts of the same length, worked on the 
old plan, will carbonize more than half this quantity. Mr. 
Clegg states, that the coke is increased in this process about 
75 per cent., but although better for culinary use than the or- 
dinary coke, it is not so well adapted for general purposes. 

The cost of materials and workmanship for erecting a bench 
of four retorts, each with a revolving web, will be about J&150, 
and their performance will be equal to 43,200 cube feet of gas 
of specific gravity '480 in twenty-four hours. A bench of five 
D retorts on the ordinary plan will not cost more than ^£40, 
and will produce in twenty-four hours about 14,000 cube feet 
of gas of specific gravity '400, so that the first cost of the web 
retorts, in proportion to the quantity of gas produced, is some- 
what greater than that of the old form. Supposing the wear 
and tear to be equal, however, the annual expenditure is much 
less for the new form. To take down and replace a bench. o€ 
£re D retorts will cost nearly £35, ot afc VJ&fe T*te A Via, Vst 
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every 1000 feet of gas produced in twenty-four hours, whereas 
the cost of replacing all the parts subject to wear and tear ia 
the web retorts will not exceed £ 44, or at the rate of 20*. for 
every 1000 feet of gas produced in twenty-four hours. Taking, 
then, the extra first cost into consideration, the saving in ma- 
terials and workmanship by using the web retorts would be at 
least half; in addition to which, fewer men are required to 
work them. 

Mr. Clegg expresses a very high opinion of these retorts, 
and says unhesitatingly that he should adopt them if he were 
to become the lessee of any gas-works. He states, among 
their minor advantages, that the retorts occupy less space, 
require fewer men and tools to work them, that the laborious 
work of the stokers is almost dispensed with, that the retort- 
house would be free from the heat and suffocating vapours 
which are so much felt at present, and might be kept always 
perfectly clean and wholesome. He observes also a curious 
fact with reference to the iron plates of which the web is 
composed, — namely, that by their contact with coal at. a red 
heat and in a close furnace, the plates absorb carbon and 
become converted into steel, which may be sold for a sum 
sufficient to construct a new web. 

Notwithstanding the apparently theoretical advantages of 
these retorts, however, the practical man will receive with 
caution statements which have not been confirmed by the test 
of experience. Objections may also arise out of the supposed 
complication of the machinery for working these retorts, the 
number of stuffing-boxes required for the double set of shaft- 
ing, and from other details. On the whole, it seems desirable, 
if possible, to give a trial to retorts on this principle, more 
especially as it seems practicable, from an inspection of the 
drawings, to add to their efficiency without any great increase 
of expense. It will be observed that only one part of the 
retort-chamber is used for carbonizing, namely, the upper 
straight part constituting the retort proper. If the structure 
could be so arranged that the furnace ahorcld Act «&&o <hl the 
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lower part of the retort-chamber, and the now empty part of 
the web could receive its charge from another hopper, it is 
evident that a double process of carbonization would be 
effected. I offer this hint, however, with hesitation, as it has 
not been worked out, but arises merely from a consideration 
of the general principle involved in this mode of distilling 
coal. 



CHAPTER VI. 

MODE OF SETTING IRON RETORTS. 

In the manufacture of gas, as in all other branches of in- 
dustry, there has been a gradual and successive improvement 
ever since its first introduction, — an improvement tending on 
the one hand to increase the brilliancy and efficiency of the 
light, and, on the other, effecting economy in the working. 
To no part of the process does this remark more directly 
apply than to that connected with the retorts, which form 
so important a part of the distillatory apparatus. We have 
seen that Dr. Henry, in his experiments on the Lancashire 
cannel coal, was only able to procure about 6000 feet per ton, 
whereas from a far inferior coal nearly all the great London 
Companies are at this moment procuring on the average nearly 
9000 feet. No doubt some part of this large increase is due to 
the magnitude of the operations, as we do not find a propor- 
tionate quantity of gas made in small country works. At the 
same time it must be admitted, even from the increase^ pro- 
duce of gas during late years, that a great deal depends on 
the construction of the furnaces and flues, the mode of setting 
the retorts, and the proper regulation of the heat. 

In fixing on the mode of setting the retorts, of course a great 
deal must depend on the quantity of gas required to be pro- 
duced, as the retorts for small gas-woita ate *e\, Va. *. toxvr^ 
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simpler manner than those at the large metropolitan woi 
where from a million to a million and a half feet of gas . 
required to be sent ont per night in midwinter. 

The principal considerations in setting retorts are the si 
and shape of the furnace and the arrangement of the flues. 

Figs. 21 and 22 are a cross section and longitudinal sectkx 
of the form of furnace recommended by Mr. Clegg in hi 
' Treatise on the Manufacture of Coal Gas.' In these figures 
a is the arch over the coke vault, which is usually under- 
ground ; b is a pan placed at the bottom of the ash-pit and 
used for evaporating ammoniacal liquor ; c c are the piers or 
sides of the furnace, half a brick thick, and built of fire-brick; 
the width of the furnace or space between the piers, c c, varies 



Fig. 21. 



Fig. 22. 




with the number of retorts to be heated by the furnace. For 
heating one retort, Mr. Clegg makes the width 10 inches ; for 
two retorts, 12 inches ; and for heating a bench of five retorts, 
14 inches, ddaxe the furnace-bars, the length of which also 
varies with the number of retorts ; thus for one retort 5 fire-bars, 
each 10 inches long, would be required ; for two retorts, 6 fire- 
bars, each 14 inches long ; and for five retorts, 7 fire-bars, each 
2 feet long. Thus the area of grate for heating one retort 
Vfcp 100 sq. inches; for two retorts, 168 s<\. inches \ and 
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for fire retorts, 336 sq. inches. The fire-bars employed by 
Mr. Clegg are usually Y-shaped, 1£ inch wide at top and 
-J- an inch at bottom ; their form is fish-bellied, 2\ inches deep 
in centre and If inch at the ends ; they are placed with their 
upper surfaces about \ an inch apart, e is a 9-inch wall in 
front of the retorts ;//// are four openings, of 3 inches square, 
to admit the heat of the furnace to the under side of the retorts. 
'Where only one retort is to be heated, these openings are un- 
necessary, gg, in ^g. 22, are fire-brick walls, 4\ inches thick, 
carried up on each side of the arch A, to support the retorts 
where more than one has to be heated ; A is the fire-brick arch 
of the oven ; k h shows the height to which the solid brick-work 
is carried, and Ills the firing floor or level of the ground surface 
in the retort-house. When the retorts are set singly, according 
to Mr. Clegg' s plan, each retort is placed either immediately on 
the arch, A, which is cut flat to receive it, or rests on a fire-tile 
placed on the arch. The retort is enclosed in an oven about 
4 inches greater in diameter than the retort itself, and is so 
placed that a flue space of 6 inches is left between the retort 
and the arch of the oven. The heat from the furnace passes 
along under the arch A, and arriving at the end of the retort 
passes up at the back of it, the end of the retort being protected 
by a fire-brick from the direct action of the heat : it then 
returns along the top of the retort, being confined by the arch 
of the oven, and when again arrived in front of the retort 
passes through a 6-inch square opening in the top flue, which 
is also about 6 inches square, and which conveys the heat to 
the chimney, or, in larger works, to a main flue. Mr. Clegg 
recommends the retorts to be set singly on this plan in small 
towns where the consumption of gas does not exceed 10,000 
cube feet per night in midwinter. Small D retorts, charged with 
Newcastle coal at the rate of 140 fts. every six hours, would 
each produce about 2000 feet of gas in twenty-four hours, so that 
fire of such retorts in action would be sufficient for such a supply. 
In towns where the consumption varies from 10 ,000 to 3fc £ftfo 
feet in twenty-four hours, Mr. Clegg recomm^t^V^^ \s\rr\a\» 
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be set in each oven. These are to be set on fire-tiles, the bot- 
tom of each retort being on the krel of the crown of the arch A 
in figs. 21 and 22. The retorts mar be placed 6 inches apart, 
a sDace of 2 inches being left between the retort and the safe 
or piers of the oven. In this mode of setting, the heat pasting 
from the furnace through the openings ff diffuses itself be- 
m-ath the retorts, and passes up at the ontaides into the space 
above them. The arch of the oven confines the heated air to 
a considerable extent, bat has four openings to allow it to 
escape into a longitudinal flue built over each oven. Each of 
these longitudinal flues is provided with a damper and opens 
into a larger main flue, which communicates with the central 
chimnev and passes transversely to the range of ovens, how- 
ever many there may be. 

In works where the production of gas exceeds what has been 
stated above, Mr. Clegg recommends benches of five retorts 
set in ovens with semicircular arches 6 feet in diameter, the 
ovens to be built back to back, and separated by. a 14-inch 
brick wall, on each side of which are the two main transverse 
flues before described, and which in large works require to be 
at least 18 inches diameter. In setting five retorts in one oven, 
according to Mr. Clegg's method, the three lower retorts rest 
on fire-tiles, as before, at the level of the crown of the arch h, 
and are placed 6 inches apart, the fire-tiles being supported 
on the cross-walls gg. The two upper retorts rest on the 
front wall and on fire-brick pillars, 9 inches by 4-J-, carried up 
between the three lower retorts and surmounted by a fire-lump. 
The arrangement of the flues is the same in this case as where 
two retorts are set together. The heat passes as before through 
the four openings/, and after circulating beneath the lower re- 
torts and passing up outside them to heat the upper retorts, 
which do not require the protection of fire-tiles, it escapes 
through four openings in the arch of the oven into the longitu- 
dinal flue, 12 inches square, which is built over each bench, 
and thence into the main transverse flue which leads to the 
central shaft or chimney. 
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The D retorts referred to in this description of setting are 
of intermediate size, 7 feet long, with a cross section of 14 
inches by 14 inches. These retorts are charged with a cwt. 
and a half of coal every six hours, so that each retort carbon- 
izes 6 cwt. in twenty-four hours, and the whole bench of five 
retorts carbonizes 30 cwt. of coal in twenty-four hours. To 
produce this effect the area of the fire-grate is, as we have 
seen, 336 square inches. 

Mr. Peckston, the author of a well-known popular treatise 
on Gas -Lighting, gives numerous examples of retort-setting, 
from which the following particulars are abridged. His area 
of fire-grate for six retorts, each 12 inches square in section 
and 6 feet long, set horizontally side by side and heated by a 
furnace at one end, is 384 square inches, the fire-bars being 
2 feet long and the grate 1 6 inches wide. The sides of this 
furnace are upright. Rectangular retorts, 8 feet long, area 
20 inches by 9 inches, set singly, each in an oven, and each 
heated by a fire with a grate of 450 square inches; sides 
of furnace upright. A bench of three large York D retorts, each 
6 feet long, area 20 inches by 12 inches, heated by a furnace 
with a fire-grate 33 inches by 1 2 inches wide, or with an area 
equal to 396 square inches. This furnace is convertible into 
a coke oven, so that coke of the best quality may be made 
while the coal is being carbonized. In a setting of five cylin- 
drical retorts in one oven, each retort being 6 feet long and 
12 inches diameter, is an example of a splayed furnace, the 
width at the fire-bars being 1 1 inches, which is splayed out 
to 4 feet wide at a height of 6 inches above the surface of the 
grate. The area of grate in this setting is 273 square inches. 
The last example to be quoted from Mr. Peckston is also a 
splayed furnace, for heating three retorts set in a bench. The 
retorts are D-shaped, 5 feet long, area 12 inches by 12 inches, 
and the fire-grate has an area of 144 inches only, being 18 
inches long and 8 inches wide. The sides, however, at 6 inches 
above the fire-bars begin to splay out, and the g^ucfe Ywewsafc^ 
in width till under the lower range of tetoTta\V.S& ^> SfcfeV^w&fc* 
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In the Philadelphia Gas -Works, which may he taken as a 
good example of most matured judgment and experience, 
derived from a very accurate examination of nearly all the 
principal gas-works in England, we find a furnace with 
upright walls and an area of grate equal to 504 square inches, 
the grate being a foot wide and the fire-bars 3£ feet long. 

This furnace heats three large York D retorts, 7 feet 6 inches 
long, 20 inches wide, and 12 inches deep. These retorts are 
calculated to carbonize 120 lbs. of coal every four hours, which 
is equal to 720 lbs. for each retort in twenty-four hours, or 
21 GO lbs. or 19 cwt. for the whole bench. Mr. Clegg gives 
an area of only 336 square inches to a furnace for carbonizing 
30 cwt. of coal in twenty-four hours, whereas tjie Philadelphia 
Works have 504 square inches for carbonizing only 19 cwt. 
So various are the practices in gas-works. 

In the Philadelphia Works the mode of setting the retorts is 
somewhat different from that of Mr. Clegg. The cross flues 
correspond with the spaces between Mr. Clegg' s transverse 
walls, but the heat after having circulated between the retorts 
and the arch of the oven escapes not by passing through this 
arch but by a flue at the back of the retorts ;• and in this flue, 
which communicates with a main transverse flue, a damper 
is placed for each bench of retorts. 

Figs. 23 to 26 show the details of setting the retorts at the 
Philadelphia Gas -Works. 

Fig. 23, on a scale of 1 inch = 3 feet, is an elevation of a 
bench of three retorts set in one oven, r a r are the retorts, 
d the fire-door of the furnace, m the hydraulic main, and s the 
stand-pipes. 

Fig. 24, on the same scale, is a longitudinal section through 
the oven, showing the upper and lower retorts in elevation, 
also the arrangement of flues, the length of furnace and fire- 
bars, and the connecting pipes between the retort and the 
hydraulic main. In this figure the same letters of reference 
are used as in ^g. 23. 

25, on a scale of 1 inch = 2 feet, is a cross section 
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rang the mode in which the retorts are set on fire-tiles, the 
ngement of the flues, and the breadth and height of the 
lace. 

*ig. 26, on the same scale as the last, is a plan showing the 
lace and the arrangement of the flues and cross walls. 
lost of the French gas-works have furnaces with upright 
is, and the dimensions of the fire-grates correspond very nearly 
1 those which have been quoted from Mr. Clegg's work. 
ir. Croll, however, who seems destined to create a great 
>lution in many of the practices of gas-engineering, has 

adopted a furnace 
Part of fig. 24. of a different cha- 
racter from any 
we have been con- 
sidering. The 
great peculiarity 
of Mr. Croll's ma- 
nagement consists 
in heating iron 
and clay retorts 
by the same fur- 
nace, applying the 
heat first to the 
clay retorts and 
finally to the iron 
retorts, when its 
ntensity is some- 
what modified. 
The engravings, 
which hereafter 
will be more par- 
ticularly referred 
to, furnish exam- 
ples of Mr. Croll's 
system applied to 
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Fig. 25. — Section showing the mode of setting Retorts at the 

Philadelphia Gas -Works. 




works, as those at Winchester, and again in a case where the 
works are of great magnitude, as in those of the Central Gas 
Consumers' Company at Bow Common. It will be seen from 
an inspection of fig. 27 (scale 1 inch = 2 feet) that Mr. CrolTs 
fire-place even for heating thirteen retorts, each 9 feet long, 
is only 6 inches wide at the fire-bars, being splayed out to 
16 inches at a height of 2 feet above the grate. His fire-bars 
are 3-J- feet long, only two in number, and consist of mere bars 
of iron, 2 inches square, laid loosely on the bearing-bars, so 
that they can be raised and clinkered whenever required. 

In some of Mr. Cr oil's furnaces a single round bar has been 
adopted for the fire-grate instead of two square bars. It is 
said that the round bar presents the advantage of being more 
easily cleaned from clinkers than the square form. The ash- 
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pans below the fire-grate are supplied with water, the evapora- 
tion of which keeps the fire-bar cool. This furnace is not 
closed over at ail, hut the heat circulates at once amongst the 
cfey retorts, and then passes down into the lower oven amongst 
die iron retorts, and is finally conveyed away by means of a 
floe passing under the latter. Modifications of this method 
are seen in our engraving of the Works at Winchester, where 
in some benches the iron and clay retorts are set in the 
same own, but the heat is still made ta bkX. fcttf,, va\ -wScNss. 
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Fig. 27. 




■greatest intensity, on the clay retorts. The Bplaying out of the 
walla of the furnace, their great thickness, and the mass of 
coal concentrated in an incandescent state are considered to 
give this furnace a great superiority over other shapes. The 
amount of coal carbonized by one of Mr. Croll's large double 
benches is probably not less than 8-^ tons in twenty-four hours ; 
namely, 5 tons in the clay retorts, and 3-J tons in the iron. 
This large carbonization is effected with two furnace -grates of 
only 252 square inches each, or 304 square inches in all. The 
economy of fuel in this furnace is also said to be very remark- 
able, for while most of the Metropolitan works require nearly 
one-third of all the coke made to carry on the carbonizing pro- 
cess, it is said that only 12 per cent, is used at Bow Common. 
The method of enclosing two or more retorts in arched ovens 
is due to Mr. Backhouse, who in 1815 constructed a set of 
retorts on this principle. This mode of setting is a great 
improvement on the old plan of placing several retorts to one 
fire, and conducting the flues round them. The heat thus 
communicated was never uniform, and some parts of the 
retorts were constantly burnt out, while others were scarcely 
Coached by the heat. In the oven plan great uniformity of 
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heat is attained, and the retorts are further much protected by 
the use of fire-tiles, and of fire-lumps to protect the ends. 

In large establishments where 100 or more retorts are used 
the mode of setting in ovens is now universally practised, the 
number of retorts in each oven varying from three to nine. 

The system of setting up benches of retorts adosses, or 
placed back to back, is now coming much into practice ; but 
Mr. Croll's Works at Bow is the only place where we have 
seen iron retorts set in one long double length of 20 feet. 
Mr. Croll, however, claims a considerable advantage from being 
able to charge both ends of these long retorts at the same time, 
and if these advantages are realized, we shall probably see the 
system extended to iron retorts as well as to those of clay, 
which are frequently set in one length of 18 or 20 feet. 

FURNACE-DOOR AND FRAME. 

The front of the furnace has an iron frame or plate, which 
Mr. Clegg makes an inch and a half thick, 2 feet 6 inches long,. 
and 26 inches wide. To this frame the fire-door is hinged, 
and in the centre of it, about 6 inches above the door, is a 
square opening for the admission of a spout when tar is to be 
burnt with the coke in the furnace. For an oven containing 
five D retorts, such as already described, Mr. Clegg makes the 
door 15 inches by 1 1 inches, and J ths of an inch thick ; hinge- 
eyes £ths of an inch diameter, fitting the hooks cast on the 
frame. The fire-door has a dove-tailed projecting recess on the 
inside, fitted with a fire-brick 3 inches thick, in order to protect 
the door from the action of the great heat to which it is 
subject. The door is provided with a wrought -iron latch 
working in a keeper cast on the frame. 

Mr. CrolPs doors and frames are very similar, but of rather 
smaller dimensions. The frame is 18 inches square and only 
one inch thick. The door is 9 inches x 13, with half an inch 
overlap all round, and f ths of an inch thick ; the projecting 
recess fitted with a fire-brick 2 inches t\uck % 



CHAPTER VII. 

FIRE -CLAY AND BRICK RETORTS — WROUGHT- IRON 

RETORTS. 

It appears that the introduction of retorts made of burnt 
clay as a substitute for cast iron is due to Mr. Grafton, who 
took out a patent in 1820 for the use of clay retorts. The 
form first used was that of a square, which was erected at "Wol- 

Kg. 28. 




vcrhampton, but the form was afterwards altered to that of a 
broad shallow D, and this shape has been used by Mr. Grafton 
for many years, and applied in numerous gas-works both in this 
country and on the continent. (See fig. 28.) 

Mr. Grafton's retort is 5 feet wide and 18 inches high, 
made in short lengths of about 16 inches, and jointed together 
with fire-clay, so as to form an oven 7 feet long. These 
retorts are capable of carbonizing at the rate of 7 cwt. of coal 
in six hours, or more than five times the quantity carbonized 
by the small D-shaped iron retorts. Since the introduction of 
Mr. Grafton's clay retorts this material has been used in a 
variety of shapes. In Scotland especially, notwithstanding 
the cheapness of cast iron, nearly every form and size of 
which iron retorts are made have been applied to those of 
clay. D-shaped retorts of all sizes, — square, circular, and 
elliptical, — have all been tried, and generally the success which 
has attended them in Scotland has been remarkable. 

In London also the clay retorts are decidedly gaining 
ground, but their shape and size are materially different from 
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those employed by Mr. Grafton. They are made in lengths 
of 6, 7, and 8 feet, with a circular or elliptical section, and an 
area of about 200 square inches. 

At the Phoenix Gas-Works the clay retorts are used on 
an extensive scale ; their mode of setting and management 
reflect great credit on the able superintendent, and their 
performance is highly efficient. The retorts used there are 
20 feet in length and 16 inches diameter, composed of three 
pieces jointed together with fire-clay. They have a mouth- 
piece at each end, and are set seven to one bench. The charge 
is a ton of coals at each end, so that one bench of retorts will 
carbonize 8 tons in the twenty-four hours. Elliptical clay 
retorts of about the same sectional area as the circular onea 
are also used at these Works. The yield is at least 9000 feet 
of gas per ton of coal, with the additional advantage of much 
greater durability in favour of the clay retorts. 

At the City of London Gas -Works also preparations are 
being made on an extensive scale for the trial of clay retorts 
in single lengths, and they are now being set in various forms. 

CLAY RETORTS IN SCOTLAND. 

A clever correspondent of the 'Gas Journal' describes the 
mode which he has himself adopted for setting clay retorts 
after trying a variety of methods, none of which succeeded so 
well as the one he has eventually adoyted. His retorts are 7 
feet 6 inches long, made in two lengths : he sets three retorts 
in one oven, namely, two D retorts, each 1 5 inches wide and 14 
inches high, and one circular retort 15 inches diameter. The 
retorts are set in a semi-elliptical arch with the transrerse or 
longer axis vertical, the width of the arch being 5 feet, and the 
height 3 feet 6 inches. 

The fire-bars are laid on the level of the floor, which is 
paved with fire-bricks laid on edge. The furnace is 3 feet 
9 inches long and 12 inches wide, splayed out to 18 inches at 
the height of 9 inches above the floor, and from that point the 
walls are carried upright. The front o£ tYte w«cl S& V^ *. 
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brick in thickness, and the back 9 inches. Two 14-inch cross- 
walls are carried up to the height of 27 inches above the floor 
line to support the two lower retorts, which rest on these cross- 
walls and on a 4-J-inch wall carried up inside the front and 
back walls of the oven. The furnace is arched over by a flat 
brick arch, which springs from fire-brick lumps laid as 
springers on the cross- walls. The crown of the arch is level 
with the under side of the lower retorts. 

The circular retort rests on a brick pillar 9 inches square, 
carried up at the end of the furnace arch and resting on it. 
The height of this pillar is 18 inches, and the retorts are 
so arranged that a space of about 3 inches is left between 
the circular retort and the lower D retorts. The front and 
back ends of the circular retorts are supported by 4£-inch 
walls like the lower retorts. Fire-lumps are also interposed 
between it and the lower retorts as a further support for 
the upper one. In the arch of the oven are two 6-inch 
openings into a longitudinal flue, one opening being 9 inches 
from the front of arch, and the other within a foot of the 
other end. The top or longitudinal flue is 1 2 inches square, 
and is provided with a damper. 

This bench of three retorts will produce on an average 
95,000 feet of gas weekly, which is fully equal to the pro- 
duction from a bench of Ore 14-inch D retorts. Mr. Clegg 
estimates the cost of such a bench at £38. 3s., whereas the 
renewal of a bench of three clay retorts will not exceed the 
following. 

Taking down old retorts and clearing out oven 

Three new retorts laid down at works, at 84*. 

600 fire-bricks, at 10* 

Fire-clay tiles, lumps, &c 

Wages to bricklayer, fitting on mouth-pieces, build- 
ing and setting in retorts, repairing flues, &c. . 2 2 6 

Repairing bolts and screws, making good connec- 
tions, &c. 17 6 

£20 17 6 
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It is usually considered that the durability of clay retorts 
is much greater than iron, and there are many Works in Scot- 



Fig. 29. 




land where clay retorts 
are said to have made 
a miDion and a half 
cubic feet, whereas the 
duration of an iron 
retort is commonly 
measured by a produc- 
tion of 800,000 cubic 
feet. 

Fig. 29 shows the 
open end of a clay re- 
tort, and fig. 30 shows 
the mode of attaching 
the mouth-piece by 
means of bolts with T 
heads let into the body of the retort. 

Fig. 29 is a front elevation of the retort, showing the thick- 
ness of the part to which the mouth-piece is bolted, and 
also the bolt-holes, an inch and an eighth diameter. 

Fig. 30 is an elevation showing the mouth-piece attached, 
with a socket-pipe bolted on, but without the lid, which may 
he similar in its details to that shown for iron retorts. 

Fig.*31 is a front elevation of one of the pieces of which the 
retort is composed, showing the triangular groove ; and 

Fig. 32 is a section showing the junction between two pieces 
of the retort. • 

In preparing the end of the retort to have the mouth-piece 
attached, the end surface is chipped and notched with grooves 
like the surface of a millstone, in order to retain more firmly the 
cement filled in between the retort and the flange of the 
mouth-piece. The cement used is the ordinary iron cement 
compounded without sulphur and mixed with an equal quan- 
tity of fire-clay. This mixture, made into the consistence of 
mortar, is spread evenly over the joint •, VJ&fe mw^-^sRR& S& 
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Fig. 30. 




Fig. 31. 




Fig. 32. 
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then attached and screwed up, the recesses in which the holts 
being filled with the same mixture. The centre 
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joints, as well as that of the end piece where this is sepa- 
rate, are made with a similar compound of fire-clay and 
iron cement. At these joints also the parts which come in 
contact have a small triangular groove cut in them, as shown in 
figs. 31 and 32, and the cement being squeezed into this groove 
hardens, and forms a dowel, which adds considerably to the 
strength of the joint. 

The cement used in the Works of the Imperial Continental 
Gas Company, where several hundreds of clay retorts are em- 
ployed, is said to be somewhat different from the ordinary iron 
cement. For jointing the mouth-pieces of clay retorts they use 
a mixture composed of 20 lbs. of gypsum made into a pulp 
with water, and added to lOfts. of iron borings saturated with 
a strong solution of sal ammoniac (muriate of ammonia). For 
the joints between the separate lengths of clay retorts the pro- 
portion is altered to 10 lbs. of gypsum and 20 ms. of iron 
borings, mixed together with a solution of sal ammoniac to the 
consistency of ordinary mortar.* Some time should be 
allowed for the work to dry before the clay retorts are heated, 
though some engineers who have adopted clay retorts speak of 
using them very soon after they are put up. 

The correspondent of the ' Gas Journal' before referred to, 
in speaking of the leakiness sometimes caused in the joints of 
the mouth-piece and the upright pipe by the expansion of the 
retorts, recommends a composition which he has himself used 
very successfully, — namely, a mixture of moist chalk or whiten- 
ing, with half its weight of common salt, compounded with 
water into a plastic state, and applied like glaziers' putty. 

A great difference of opinion still exists with reference to 
the respective merits of iron and clay retorts. In Scotland the 
latter are very generally used, and in England they are cer- 
tainly gaining ground. It appears to be generally admitted 
that they require a higher working heat than iron, for while 
the latter work most satisfactorily at a cherry-red heat, the 
clay retorts perform best when a white heat of several 

* 'Journal of GavlA^titag? 
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hundred degrees greater intensity is applied. The advo- 
cates of clay retorts contend that this greater intensity 
of heat decomposes, and converts into gas, matter which 
with a lower heat would pass off in the shape of tar, while 
the opponents of clay retorts do not hesitate to compare 
them to an apparatus for decomposing olefiant gas and 
converting it into light carburetted hydrogen. If it be ad- 
mitted, however, that clay retorts yield a greater quantity of 
gas than iron, it can hardly follow that this presumed decom- 
position of olefiant gas is the cause of the increased quantity, 
because Dr. Fyfe, whilst leaning himself rather to the side of 
iron retorts, has very candidly admitted that the volume of gas 
is by no means increased when olefiant gas is converted into 
light carburetted hydrogen. As olefiant gas contains twice as 
much carbon as carburetted hydrogen, the conversion takes 
place by the deposit of half its carbon, but the volume of car- 
buretted hydrogen which remains is only equal to that of the 
olefiant gas, and not double in quantity, as has been erroneously 
supposed by some writers on the subject. Dr. Fyfe is never- 
theless of opinion that the large quantity of carbon deposited 
in clay retorts is due to the decomposition of olefiant gas, and 
he estimates that every 225 grains of carbonaceous deposit 
indicates the decomposition of 1 cubic foot of olefiant gas ; and 
he estimates that under ordinary circumstances 16 lbs. of car- 
bon are deposited in a single clay retort per month. After all, 
it has not been clearly shown that the gas from clay retorts is 
inferior in illuminating power to that from iron, while it ap- 
pears to be generally admitted that the quantity of gas pro- 
duced is greater. , 

The consumption of fuel is another point which is much dis- 
puted, the one party contending that a much higher per cent- 
age is required for carbonizing with clay retorts, while the 
other party insist that the expense per 1000 feet of gas is less 
with clay than with iron retorts. 

A great deal has been said and written on the porosity of 
clay retorts; and even some of those who think highly of them 
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and recommend their adoption, contend that a great escape 
takes place by leakage even for months after they are first 
brought into use. They allege that the porosity is proved by 
finding in a fractured retort, which has been some months in 
use, the whole mass of the thickness coloured by carbonaceous 
matter which has insinuated itself into the pores. On this side 
of the question experiments are referred to where 15 cwt. of 
coal were distilled in iron retorts which had been six months in 
use, and the same quantity in clay retorts which had been one 
month in use. 

cubic feet. 
The produce from the iron retorts in 5 hours was . 9064 
And from the clay retorts 8000 

Difference in favour of iron .... 1064 

The clay retorts yielded considerably less in the first hour, 
the difference being less in the second, still less in the third, 
while in the fourth hour each kind of retort yielded alike, 
namely, 1400 feet ; in the fifth hour the clay retort yielded 900 
feet, the iron 700 feet. 

The difference in the result is said to be due to the absorp- 
tion of gas or leakage in the clay retorts, which was proved 
by trying the absorption at different pressures. From this 
experiment it appeared that the iron retort at a working 
pressure of 1 1 inches leaked 489 feet, and the clay 1540 feet, 
the difference being 1051 feet, which is sufficiently near to 
1064 feet, the difference actually found in their productive 
power. In the carbonizing experiment a greater heat was ap- 
plied to the clay retorts than to the iron. The same parties who 
thus insist on the porosity of clay retorts and their inferior per- 
formances at first, will admit, however, that after six months* 
work the pores become stopped up ; and, while they insist on 
the necessity, of removing the pressure as much as possible 
from the clay retorts, have admitted, that from cannel coal, at 
least, clay retorts working under low pressure are able to pro- 
duce 10,000 cubic feet of gas per ton. 

The strenuous advocates of clay tetoTte oxv ^afe ^Oosst \rax&. 
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contend, that this porosity does not exist in good retorts, — at 
all events, that it does not produce the diminished consumption 
here spoken of: they assert, that even with a pressure of 28 
inches on the retorts in winter and 22 inches in summer, with- 
out the use of an exhauster, so little leakage takes place that 
the retorts attain the standard of production in twenty-four 
hours after they go to work. On this side of the question 
many examples are referred to of clay retorts carbonizing 7 ewt 
of coal in twenty-four hours, and producing gas at the rate of 
more than 10,000 and even 1 1,000 feet per ton. The works 
referred to are principally those where the Scotch Parrot coal 
or Lancashire cannel is used. 

The average expense for wear and tear is another severely 
disputed item. The detailed estimate given above for setting 
a bench of three fire-clay retorts appears reasonable ; and the 
same writer gives a detail during several years, showing that 
the wear and tear of clay retorts has not exceeded \%d. per 
1000 feet of gas manufactured. Estimates which have been 
made at various times by Mr. Clegg and Mr. Barlow would lead 
to the conclusion that the wear and tear of iron retorts is at 
least 2d. per 1000 feet. Many exaggerated statements appear 
to have been made as to the relative economy of iron and clay 
retorts, in the advertisements issued from time to time by the 
manufacturers of the latter. These we shall pass by ; — the 
following facts with reference to clay retorts appear move wor- 
thy of notice : at a Scotch Gas -Works where cannel coal is used, 
and the works are on a very small scale, there are two clay re- 
torts which have each made 430,000 feet of gas in three months. 
These retorts are only 5£ feet long, 20 inches wide, and 13 
inches high. 

This is equal to a production of 4725 feet in twenty-four 
hours, and as a ton of coal at these works produces 8561 feet 
of gas, it follows that each retort must have carbonized at the 
rate of 1 1 cwt. in twenty-four hours. It should be observed 
that where cannel coal is used, heavier charges may be put in 
the retorts than where caking coal is employed ; in the first 
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place, because the coke does not swell so much, — and secondly, 
because the coke does not present such an impenetrable coating 
to defend the inner mass of coal. From these causes larger 
charges of cannel coal may be used. 

Another example may be quoted of the great success attend- 
ing the use of day retorts : at the South Metropolitan Works 
it was stated some time ago in the c Journal of Gas -Lighting,' 
that two benches with five clay retorts in each had been uninter- 
ruptedly in action for upwards of 17 months. They are D- 
shaped, 20 inches by 12£ inches high, and 7\ feet long. 
These retorts have produced to the present time 1,800,000 feet 
of gas per retort, with an expenditure of fuel not exceeding 
that of iron retorts : they are made in one piece by Cowen & 
Co., of Blaydon House, near Newcastle-on-Tyne. 

Mr. Barlow estimates the duration of iron retorts equivalent 
to the production of 700,000 cubic feet of gas. 



spinney's brick retorts. 

Some years ago Mr. Thomas Spinney, of the Cheltenham 
Gas -Works, adopted a brick oven for the direct carbonization 
of coal in gas-making. The dimensions of the oven are 3 feet 
2 inches wide, 8 inches deep to the springing of the arch, and 
thence to the soffit or crown 6 inches. The bottom and sides 
were formed of Newcastle fire-tiles, the arch of fire-bricks 
made of the best Stourbridge clay, mixed with 10 per cent, 
of sharp river-sand and pipe-clay to prevent the bricks from 
cracking. The oven was 7 feet in length, exclusive of the 
mouths-piece, and the usual charge was 5 cwt. of Welsh coal, 
from which about 2400 cubic feet of gas were said to be ob- 
tained, or at the rate of 9600 feet per ton, the usual produce 
of the same coal distilled in iron retorts being under 8000 feet 
per ton. As the charge required to be drawn only once in 
twelve hours, Mr. Spinney adopted in connection with these 
ovens a method of separately sealing the stand-pipe from each 
oven by a cup- valve acted on by alevet. TtVkKt^ ^wSS&Va ^ 
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great objection, in the ordinary mode of working, to the use of | 
such separate valves, owing to the frequent care and attention j 
they would require ; hence the almost universal adoption of the \ 
method of sealing the dip-pipes by the tar in the hydraulic ! 
main. This objection is, however, much modified, when, as in 
Mr. Spinney's mode of working, the valve only requires to be 
closed during the drawing of the charge once in twelve hours. , 
The great objection to the brick ovens, however, arose from 
the large quantity of fuel required for carbonizing. Where 
coal was used for heating the furnaces, 50 per cent, of the 
quantity distilled was required for fuel, and where coke was 
used, three-fourths of the quantity made was used, so that only 
one-fourth of the coke was left for sale. 

Mr. Spinney's brick retorts have now been in use for twenty 
years, and the reports I have received from Cheltenham, Exeter, 
and Newport (South Wales), in which places they are employed 
to the exclusion of all others, speak of them in very favourable 
terms. The usual charge is 5 or 6 cwt. of Newcastle or Welsh 
coal every twelve hours. The quantity of gas made with 
one ton of Welsh coal is about 9000 cubic feet, and with 
Newcastle coal from 10,000 to 12,000 cubic feet. In Chel- 
tenham the Gas Company has peculiar disadvantages to con- 
tend with, the price of labour being excessive, sale for coke 
very limited, and many miles of main laid down without a 
single private lamp, the proportion of public lamps to the 
gross rental being greater than in any other town in the 
kingdom. With all these drawbacks against the profitable 
manufacture of gas, the price to the private consumer is only 
58. per thousand feet, and yet the dividend to the shareholders 
has lately been 8 per cent., with a bonus of 2 per cent, in 
addition. 

In Exeter the brick retorts have been used for nearly twenty 
years, and although many additions have been made to the 
works from time to time, these retorts have gradually super- 
seded all others, and in fact no others are now in use. The 
brick ovens have been at work constantly for ten or eleven 
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years without requiring to be taken down, and the only annual 
expense is a trifling repair to the flues and fire-places. 

At Newport the brick retorts have been in use eight years, 
and none of them have yet been taken clown, Mr. Bryan, the 
manager, believing they will last two or three years longer. 
The original cost of erecting each retort is £ 50 or £ u'0, and 
the annual repairs something less than £5. At Newport 
they make 15 cwt. of coke from a ton of coal, the quality being 
superior to that usually made in iron retorts. 

The chief advantages claimed by the inventor of brick retorts 
are the regularity and uniformity with which they work, and 
the expense saved by the hydraulic valve, which renders an 
exhauster unnecessary, the pressure on the retorts being only 
equal to a column of 4 inches of water. 

Amongst the minor advantages may be mentioned the 
diminution of labour, which in the department of stokers is 
said to be one-third less than in the ordinary system ; that 
is to say, owing to the long interval of charging once in twelve 
hours, two stokers will do the work of three, and with far less 
prostration of physical strength. As an illustration of the 
comparative lightness of the labour, it may be mentioned, 
that when any accident has prevented the night-stokers from 
coming on at their proper time, the day-stokers have worked 
on through the night, — an exertion which would be scarcely 
practicable, had their physical strength been impaired by their 
first day's work. 

Mr. Clegg draws a comparison between Mr. Spinney's 
retorts and the ordinary iron D, and makes the cost of fuel 
and wear and tear somewhat in favour of iron retorts. In 
this estimate he assumes that two of Mr. Spinney's ovens will 
carbonize two tons of coal in twenty-four hours, and that the 
same quantity will be carbonized by a bench of five large York 
D's ; produce from the iron retorts 8000 feet of gas per ton, 
with 25 per cent, of coal as fuel, and from the brick ovens 
9000 feet of gas per ton, with 50 per cent, of fuel. I believe 
this comparison is scarcely fair towards the brick ovens, inas- 
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much as the quantity of fuel is assumed too high in the case 
of the brick ovens. Mr. Spinney states that the quantity 
required for carbonizing in his ovens is now reduced to 42 per 
cent., and where coke is used for carbonizing, 680 fts. are 
required for 12 cwt. of coal, or at the rate of two-thirds of the 
coke produced. 

clift's brick retorts. 

Another description of fire-brick retort has been used for 
some years by Mr. J. E. Clifit, and has recently been described 
in a paper read before the Institution of Mechanical Engineers. 
Mr. Clift's retorts are made of two different sections, namely, a 
large size of the D-shape, 5 feet 3 inches wide and 18 inches 
high, and a smaller D-shaped retort 15 inches wide and 15 
inches high. These retorts are built of fire-bricks, two of the 
small ones and one large one being set in a bench. The 
retorts are 20 feet long, and are charged and fired at each end. 
The fire-bricks which form the bottom and sides of the small 
retorts and the bottom of the large retorts are 16 inches long 
and 3 inches thick, while the arch bricks of the retorts are 
9 inches long and 3£ inches thick. Each brick is rebated an 
inch deep at two of its joints, and has a dowelling triangular 
groove at the other two joints, which being filled by a tongue of 
hard fire-clay adds much to the strength of the retort. The 
two lower retorts are placed one on each side of the furnace, 
the level of the fire-bars being 12 inches below the bottom 
of these retorts. The upper retort is placed over the two 
lower ones, and fills up the wjiole space of the oven with the 
exception of a few inches on each side. The furnace is 3 feet 
6 inches in length and 15 inches wide, with upright sides. 
The heat circulates beneath and around the lower retorts, and 
plays on the bottom of the large retort, from which it is not then 
suffered to escape, but is conducted through a series of flues 
placed around the arch of the upper retort. Of this series 
of small flues there are four on each side of the retort, and 
one over the middle of it which conveys the heated air to the 
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main flue. The heat which passes up from the lower retorts 
proceeds along the two outside flues to the hock of the large 
retort, and returns along the two next flues to the front, and 
so on through the four flues on each side, when the heated air 
from each side meets in front of the retort and passes along 
the middle flue to the main flue. As the retorts are 20 feet 
long, and the oven is divided by a wall in the middle, it 
follows that each flue will he 10 feet in length, and the heat 

« 

will consequently have to pass over 50 feet of the surface of 
retort from the time it leaves the furnace till it reaches the 
main flue. 

The space between the upper retort and the arch of the 
oven is 4£ inches, which is consequently one dimension of 
each of the longitudinal flues. Their other dimension is the 
depth of three bricks, or nearly 9 inches, with the exception 
of the middle flue, which is four bricks, or nearly 1 2 inches. 

Mr. Clift states that he worked twelve benches of these 
brick retorts from 1842 to 1849, when they were taken down 
for an alteration of the works, and were found then in good 
condition, and with slight repairs were fit for working several 
years. He also put up twelve sets in 1844, which continue in 
regular work to this time. The cost of repairs to the ovens, 
retorts, and furnaces during these eight years Mr. Clift says 
has not exceeded 20s. per annum for each bench. 

The inventor contends that these brick retorts are free from 
many of the objections which apply to fire-clay retorts made 
in one piece. He finds that when the temperature of his 
brick retorts is suddenly altered, either by the carelessness 
of stokers or in letting down the heat, the great number of 
joints, each contracting a little, prevent any of that cracking 
so usual in fire-clay retorts. Also, in getting up the heat, he finds 
the great number of joints divide the expansion amongst them. 

Mr. Clift observes, when a set of these retorts is first put 
to work, either when new or after being let down for any 
purpose, they leak through the joints for about twenty-four 
hours, but this gradually stops, and after that t\n&, \£ l\s& 
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heat be good, the retorts will have become quite sound and 
permanently gas-tight under a pressure equal to 10 or 12 
inches head of water. 

The inventor estimates the production of one bench of his 
retorts at 20,000 feet of gas in twentj-four hours, and makes 
a comparison of the cost of his system with iron retorts set 
five in a bench, and capable of producing the same quantity 
of gas. He takes the duration of the iron retorts at a year 
and a half. The comparison stands thus : 

First cost of 20 Benches of Iron Retorts, 

Bricks, clay, and labour, for arches £ 367 

100 cast-iron retorts, 18 cwt. each, equal 90 tons, at £ 6 . 540 

Fire-bricks, shields, quarries, &c, for setting . 150 

Labour for setting, £ 3 per bench 60 

1117 
Cost of renewing 20 Benches of Iron Retorts. 
100 iron retorts weighing 90 tons, at £ 6 . £ 540 

Bricks and clay 150 

Labour, taking down and re-setting . 80 

770 

Less by old iron of retorts, 

50 tons, at 25*. . . . £62 10 

Less by one-third of bricks, 

which may be used again . 50 

112 10 

657 10 

This sum will be multiplied by 6£, the number of times 
they will be renewed in 10 years, which will give . . 4273 15 

Total expense of iron retorts in 10 years . £ 5390 15 

First cost of 20 Benches of Brick Retorts. 

Bricks, clay, and labour, for arches £ 367 

Iron for front plates and back stays, 21 tons, at £ 6 . . 126 

Pattern and other bricks, and clay for retorts . . . 180 

Labour for building retorts 110 



£783 



f 
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Brought forward . . . £ 783 
Cost of repairs for 10 years, at 20*. per bench 

per annum £100 

Less value of old front plates, &c, 20 tons, 

at 25*. 25 



?r; 



75 



Total expense of brick retorts in 10 years . £ 858 

Mr. Clift having assumed that each bench of retorts will 
make 20,000 cubic feet of gas per day, he arrives at 1460 mil- 
lion feet as the quantity made by each in ten years, whence he 
deduces the cost per 10,000 feet at 9d. for the iron retorts, and 
l$d. for brick retorts, showing an economy of 84 per cent, in 
favour of the wear and tear of brick retorts. It must be 
observed that both the preceding estimates of wear and tear 
are remarkably small ; Mr. Barlow, Mr. Clegg, and other gas 
engineers, having usually estimated the wear and tear of iron 
retorts at something more than 2±d. per 1 000 feet, or consider- 
ably more than double Mr. Chft's estimate ; while Mr. Croll, 
emphatically the champion of cheap gas, has himself in his 
Evidence stated the wear and tear of brick and iron retorts 
combined at 2d. per 1000 feet of gas. 

Brick retorts are extensively used at Birmingham, Notting- 
ham, Lincoln, and some others of the Midland towns, where 
their performance is said to be highly satisfactory. 

WROUGHT-IRON RETORTS. 

Besides the forms of retorts which have been mentioned, 
there is one invented by Mr. King, of Liverpool, which claims 
a brief notice. This is the wrought- iron retort made about 5^- 
feet wide by 6 feet long, 18 inches high at the crown of the 
arch, and 12 inches at the springing, carbonizing nearly 7 cwt. 
of coal at a charge, or 1 ton in twenty-four hours. These re- 
torts, which were the first introduced «in America, are made of 
thick boiler plate firmly riveted together, with the bottom of 
the same material, set in an arch of brick-work, heated h^ <»&, 
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fire, the bottom being guarded with fire-tiles to protect it from 
the direct action of the flame, with longitudinal flues under it : 
the draught passing oyer the top of the oven makes its exit in 
the crown near the front. Ovens of this description with cast- 
iron bottoms are in use in Liverpool. 

The shape of these ovens is such as to present a large 
heating surface in proportion to the mass of coal which 
they require. Hence, with high heats they present con- 
siderable advantages, chiefly in reference to their large pro- 
duction of gas ; but at the same time the high heats which 
they require soon wear out the bottom or put the Tetorts 
out of shape. They have not been much used except in 
Liverpool. 



CHAPTER Vni. 

MR. CROLL'S METHOD OF SETTING CLAY AND IRON 

RETORTS TOGETHER. 

This is a well-contrived arrangement, combining the two 
kinds of retorts in such a way that the clay retorts, which 
require by far the most heat, owing to their greater thickness 
and inferior conducting powers, should be exposed to the great- 
est intensity, while the iron retorts receive their heat from a 
system of return flues, or in a separate oven, in which the heat 
is not so considerable. Greater durability of the retorts, and a 
mmch greater efficiency in production, are claimed for this mode 
of setting. 

The clay retorts used by Mr. Croll are from 18 feet to 
20 feet long, made in four pieces, jointed with fire- day. In 
his larger works they are set six or seven in a bench arranged 
round the inner periphery of the oven in a circular form, and 
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well secured to each other and to the roof of the oven by 
lumps of fire-brick. 

In the large works of the Central Gas Consumers' Company, 
at Bow Common, which is the last of Mr. Cr oil's works 
and therefore exhibits his latest improvements, the furnace is 
placed at each end of the retorts, so that the elevation of both 
ends of the bench is precisely the same. A cross-wall extends 
tfiroughout the whole length of the range of retorts, separating 
the heated air of one furnace from that of the other, and 
J W"""g two separate ovens for each bench of clay retorts. 
Each of these ovens has two elliptical openings about 14 inches 
by 10 inches through the arch which separates the clay retorts 
from the iron. These openings admit the heated air from the 
clay retorts into the oven in which the iron retorts are placed, 
and the air after circulating through the latter and parting 
with its remaining heat passes off into a longitudinal flue 
placed underneath, and communicating with the main shaft. 

In other settings where Mr. Croll has used clay retorts of 
7 or 8 feet in length, the same general principle is adopted. 
Only one furnace, however, is required to each bench, and the 
back of the bench or the closed end of the clay retorts is here 
the end at which the iron retorts are charged. 

In the former case, where the long retorts are used, the iron 
retorts are cast in one piece the full length of 18 or 20 feet, 
according to the width of the bench. They have lids at each 
end, but a mouth-piece and socket-pipe at one end only, 
aB the gas passes off to the hydraulic main only from one end. 
Sometimes in using short retorts (see figs. 35 and 36) the 
large longitudinal flue described in the last mode of setting is 
not used, but in place of it there is a 14 -inch transverse flue 
under the lower iron retort in each oven, which passes from the 
back to the front of the bench and carries the heated air to a 
vertical flue which communicates with the main shaft. 

In smaller works this mode of setting is somewhat modified, 
as shown in figs. 33 and 34, which exhibit Mr. Croll' s mode of 
setting at Winchester Gas -Works. In tia\& \nsn&. \3kWi «xft 
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five clay retorts, each 7 feet 6 inches long, marked r r, in 
figures 33 and 34, and four small iron Tetatta of the same 
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length, besides one iron D, 5 feet long, 20 inches wide, and 
20 inches) high, marked r' in fig. 34. The entire width of the 
bench is only 9 feet, and yet in this space are set ten retorts, of 
which'nVe have their mouth-pieces on one side and five on the 
other. There is only one hydraulic main, ftvfc ^ra^ra&u^qTOt 

E 
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from one side of the bench to the other on which the main is 
placed. It will be observed, on reference to figs. 33 and 34, that 
in this setting there is no arch to separate the iron retorts from 
the clay, but the setting is so arranged that the heat does not 
reach the iron retorts till after it has circulated amongst the 
clay retorts which occupy the part of the oven immediately 
above the furnace. On reference to the section fig. 33, it will 
be seen that there is a solid partition of fire-brick between the 
clay retorts to prevent the heat passing through until it 
strikes the top of the oven, when it passes round the upper re- 
torts and down the sides of the oven to heat the iron retorts. 
This being effected, the heated air passes along a longitudinal 
flue under the iron retorts and through an ascending flue 
(c, fig. 34) at the front of the retorts, as indicated by the 
arrows. 

Figs. 35 and 36 show another form of setting from Mr. 
Croll's designs, also at Winchester. In this bench are three 
circular clay retorts, and two iron D's, all 1\ feet long. 

Figs. 37 and 38 show another combination of clay and iron 
retorts set up in several of the benches at Winchester by Mr. 
Pontifex, who highly approves of Mr. Croll's mode of heating 
iron and clay retorts by the same fire. Figs. 33 to 38 inclu- 
sive are all drawn on a scale of ^th the full size, or a quarter 
of an inch to 1 foot. Fig. 33 is a cross section, and fig. 34 a 
longitudinal section through the centre of fig. 33. Fig. 35 is 
a cross section, and fig. 36 is a longitudinal section in the hoe 
abed in fig. 35. Fig. 37 is a cross section, and fig. 38 is a 
longitudinal section through the centre of fig. 37. The fol- 
lowing letters represent similar parts in all these figures: 
r r r, &c. are the clay retorts ; r', &c. are the iron retorts ; 
e is the furnace ; f the fire-bars ; g the fire-brick walls sup- 
porting the retorts; h the ash-pit; and i the flues. The 
arrows indicate the direction of the heated air, which is made 
to circulate round the clay retorts before coming in contact 
with the iron ones. In all these modes of setting, the object 
is to apply the most intense heat to the clay retorts, and 
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J use it, when somewhat diminished in intensity, 
fin* the lower or iron retorts. In these various examples will be 
observed the same contracted furnace tadxcAX&Dsnsa n*wj > fi&"i 
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of fire-grate which distinguish Mr. CrolPs Works at Bow 
Common, and yet the evidence is unanimous in favour of the 
sufficient heating power. 

Through the courtesy of the Editor of the 'Artizan/ who has 
kindly permitted me to copy the admirable plates of this work 
published in that Journal, I am enabled to give in figs. 39 to 42 
a longitudinal section, an elevation, and cross section of one of 
Mr. CrolPs ovens, showing the mode of combining iron and 
clay retorts, as practised by him on the very largest scale. 
These figures are all on a scale of 1 inch to 4 feet : a a a are 
the clay retorts, of which the upper two are elliptical, 16 inches 
by 12 inches, and the other four circular, 15 inches in diameter 
inside. Each clay retort is made in four pieces, which are 
jointed together with fire-clay, as described elsewhere, b b are 
the furnaces at each end of the retorts, which are ranged so as 
to receive an equal share of the heat which radiates in the 
upper oven : c c c c, &c. are the iron retorts set in the lower 
oven, which receives the heated air through the openings 1 1 in 
the lower arch: ddd, &c. are the ascending pipes, which 
pass up from each end of the clay retorts, and from one end 
only of the iron retorts. In the engraving from which our 
wood- cuts are taken only eight ascension pipes are shown; 
but this is an error, as there are nine at one end of the oven, 
and ten at the other. This latter is the actual setting at Bow 
Common, each end having alternately four and three ascension 
pipes from the iron retorts, together with six from the clay 
retorts. Our wood-cut, fig. 39, represents this arrangement : 
ff are the hollow columns which support the hydraulic main. 
These columns are tied together by wrought-iron rods extending 
over the upper oven. Projections cast on these columns carry 
the girders h h, and these girders support the cast-iron floor 
or platform from which the retorts are fired : i i are wrought- 
iron troughs supplied with water, the evaporation of which 
serves to keep the fire-bars cool; .; is the partition-wall 
between the two furnaces; kk are the walls which carry 
ti^retorts, and which are perforated with holes to allow the 
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heated air to pass through : 11 are the openings 14 inches 
by 10 inches, and four in number in each arch, to admit the 
heated air from the upper to the lower mw. mm «t ■&» 




openings from the lower oven into the horizontal flues nn, 

which extend along the whole range of retorts, and open into the 

main flue leading to the chimney : o o are flue-doors for clean- 

tfK* oat the horizontal Sues, and the. o^enm^& mm Me also 
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provided with fire-tile dampers to adjust the draught. It is 
scarcely necessary to describe that fig. 39 is a front elevation 
of one bench of retorts. Fig. 40 is a transverse section paral- 
lel to the face, and figs. 41 and 42 being joined together at the 
line x, which is the top of the lower arch and is common to 
both figures, will form a longitudinal section at right angles to 
the face of the bench. 

It will be observed from the description we have given 
of the different modes of setting, that independently of the use 
of clay retorts in combination with iron, and the consequent 
change in the mode of conducting the heat, Mr. CrolPs system 
presents an important variation from the older method. 

According to the method first described, and which is far 
more extensively practised than any other in the Metropolitan 
Gas -Works, the heat passes through openings in the side 
of the furnace, acts first on the bottom of the retorts, then 
passes up at the sides, circulates amongst them, and escapes 
through openings in the arch of the oven into a longitudinal 
flue at the top and over the arch. Now Mr. CrolTs plan is en- 
tirely different : his furnace is open instead of being arched 
over, and the heat is allowed to escape from the top and diffuse 
itself at once, instead of being confined and allowed to act with 
great intensity on the bottom of the lowest retorts. This dif- 
fused mode of applying the heat is found sufficient even for the 
clay retorts. Then, when the heat is somewhat diminished in 
fierceness, it is conducted into the oven of the iron retorts and 
allowed to exert its action on them : the heat is still acting, 
therefore, in the retorts instead of escaping through the arch 
of the upper retort-oven, which in Mr. Croll's plan is close, 
and contains no openings whatever. 

The merits of these opposite methods of applying heat have, 
perhaps, not been sufficiently tested ; at all events, they have 
not been so tested as to induce uniformity of opinion on both 
sides of the question ; but we may shortly expect, from the pre- 
sent watchfulness of all parties concerned, and that spirit of 
emulation which always attends severe com^eV^Sss^W^^^^fc. 
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data produced as will furnish a secure guide for future opera- 
tioos. la the mean time the accounts given of the working at 
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Bow Common are highly favourable. The, ^vsAmrJmssi «A ^v>, 
said to exceed 9500 cubic feet per ton, smiftifc cKfc*sKias!»K«5 
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is said to be carried on with an expenditure of only 12 per cent, 
of fuel, — that is to say, 1 00 tons of coal are carbonized by 
12 tons of coke. If this result be maintained, it will go far to 
prove the superiority of Mr. Croft's mode of setting, and to 
carry out the truth of his principle, that clay retorts and iron 
retorts require different intensities of heat, and in consequence 
should never be set in the same oven, but in separate ovens, 
the spent heat of one being afterwards used for the other. Of 
course in small works where the operations are very limited, it 
may not always answer to incur the expense of two separate 
ovens for each bench of retorts, and hence the modifications 
adopted at Winchester and other small works, where return 
flues are introduced instead of having two separate ovens. 
These, however, are only exceptions to Mr. CroIFs general 
principle, and carry out somewhat imperfectly that which he 
professes to effect in the most complete manner by the sepa- 
rate arched ovens for each class of retorts, as adopted in 
his large Metropolitan works. 

Most of the large London Gas Companies have either com- 
menced the use of clay retorts, or have made arrangements for 
doing so. The City of London, the Phoenix, and the Char- 
tered* Gas Companies have already adopted them to a con- 
siderable extent, and the Imperial Company, which at present v 
uses York D's from 1\ to 9 feet long, is about to erect 300 
clay retorts. Most of the trials at present made have been 
confined to the* short retorts. The Phoenix Company, however, 
is using clay retorts of double the usual length, and charging 
them at both ends as already described. 



CHAPTER IX. 

ON THE MODE OF WORKING RETORTS. 

The fuel commonly used for heating the furnaces is the coke 
made in the retorts. The quantity of coke required for fuel of 
course varies very much with the quality of coal. Where New- 
castle coal is used, the carbonization is seldom effected with 
less than 25 per cent, or one-quarter of the coal, that is to say, 
a ton of coal requires to carbonize it nearly 5 cwt. of coke. 
Coal is usually spoken of by weight, and coke by measure. 
The Newcastle coal generally yields about one chaldron of 36 
bushels for every ton of coal, or from 13 to 15 cwt. of coke. 
In London, about one-third of the coke made is used for 
carbonizing in the furnaces, the surplus two-thirds remaining 
for sale, as more particularly described in the section devoted 
to residual products. 

In setting iron retorts, those which are lowest in the oven, 
and consequently most exposed to the heat of the furnace, are 
usually set on fire-tiles an inch and a half in thickness, and the 
sides are also frequently protected in the same way. The 
upper retorts do not require the protection of fire-tiles, which 
are also unnecessary for clay retorts and for the iron retorts set 
in a lower oven on Mr. Croll's plan. 

The usual charge for the small iron D retorts is from 120 to 
170 lbs., and the time of charging from six to eight hours ; the 
six-hour charges being decidedly better, especially as regards the 
quality of the gas, which deteriorates very much during the 
last period, and at length consists of very little more than 
hydrogen gas, with the most feeble iUuminatiag power. In 
preparing a bench of retorts and bringing them into working 
order, the furnaces should be lighted some time before, and the 
retorts brought up to a good working heat before any coal is 
introduced. In iron retorts, a cheTry-ra\.\ttaX.S& fovxas^^aSe*- 



108 MODE OF WORKING RETORTS. 

cient, but clay retorts will bear without injury a white heat, or 
at all events an orange-red heat. 

In small works where only one or two men are employed to 
work the retorts, the charge is thrown in with a common shovel, 
the lid of the retort being kept off all the time of charging, 
which occupies from 20 to 40 minutes, according to the size of 
the retort and the amount of charge. During the greater part 
of this time there is a considerable escape of the gas and the 
very earliest products of combustion, in addition to the loss of 
time occupied in throwing in the charge. In order to remedy 
these inconveniences, a method has been contrived for deposit- 
ing the whole charge in the retort at once : for this purpose 
an iron scoop is used, this being a semi-cylinder of sheet iron 
from 7 to 9 feet long and 10 or 12 inches diameter, with a 
cross handle at the end to assist in lifting it and turning it 
round to empty the coals in the retort. 
. The charge of coal is placed in the scoop while it rests 
on the ground or on two small iron supports: one man 
takes hold of the cross handle, and two others lift the 
other end and introduce it into the mouth of the retort. 
The scoop with its contents is then pushed forward to the 
further end, turned completely over, and immediately with- 
drawn, when the coal left in the retort is, at some works, 
raked into a stratum of uniform thickness, and the lid, previ- 
ously luted and ready, is jointed on as quickly as possible. The 
operation of charging with the scoop does not occupy more than 
30 or 40 seconds, so that very little escape of gas can take 
place, and hence the scoop has come generally into use where- 
ever the works are large enough to supply three men for the 
purpose of lifting it. Before drawing the charge it is custom- 
ary at some works to loosen the lids of the retorts and apply a 
light to the gas which escapes, beginning with the upper retorts. 
For want t>f this precaution, many lamentable accidents have 
happened through the gas taking fire when so combined with 
ric air as to form an explosive compound. 
of the London Works where the retorts are set back 
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to back, or where retorts of double length are used, it is usual 
to work each face with at least three stokers and an extra 
man for preparing the lids of the mouth-pieces, another for ex- 
tinguishing the coke, and men for wheeling the coal into the 
retort-house ready for being placed in the scoop. Three 
stokers, assisted by a man to extinguish the coke, will perform 
all the work of taking off the lids, raking out the coke, extin- 
guishing it, and wheeling it away from a bench of seven retorts, 
in 12 or 13 minutes : they will then put the proper charge 
for each retort in tift scoop, deliver its contents, and be ready 
for charging another bench in a further space of 7 minutes, 
while a fourth workman will in the mean time have put on the 
lids, so that the whole work of emptying and recharging the 
seven retorts will occupy barely 20 minutes. 

This extreme dexterity is of course only acquired by long 
practice, and it must be admitted the labour is very severe. 
The first process is for two or three of the men each to relieve 
the screw of the mouth-piece by giving three or four rapid 
turns; another man instantly gives a knock to each of the 
cross bars to disengage them from the ears of the lid, and at 
the same time gives the lid a blow with a piece of iron or 
hammer in order to break the luting. The men then lift off 
the cross bar and screw of each retort, placing them on the 
ground, and then each seizes hold of a lid in both hands, lifting 
it by the projecting ears and carrying it a little on one side, 
where it is thrown down on the ground : in the mean time 
the workmen have dexterously to avoid the great sheets of 
flame which are now issuing from the retort, accompanied by 
slight explosions which take place as soon as the gas catches 
fire. Three of the stokers then take up their iron rakes, 
which are simply rods of three-quarter inch iron, 12 feet long, 
with one end turned at right angles and flattened. These are 
inserted in the retorts, and the red-hot coke drawn to the 
mouth, whence it drops either into the coke-vault or into iron 
barrows placed ready to receive it. 

Mr. Croll uses light sheet-iron waggon oufoTO^tas^Hft^ 
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covers which open sideways and slope backwards to the front of 
the bench, so as to form an inclined plane and prevent the coke 
dropping down in front. A labourer should be employed in 
throwing cold water on the coke as soon as it comes out, the 
heat being very intense. The coke is then rapidly wheeled off, 
and if any has been spilled it is taken up on an iron wire shovel 
and placed on a barrow. Three large iron barrows will contain 
the coke from seven iron retorts 7 or 8 feet in length. Where 
the iron waggons are used, the sloping cover prevents any of the 
coke from being spilled. The charging nlr begins as follows : 
The scoop is laid on the ground, and two or three men very 
quickly place in it as many shovels-full of coal as will make up 
the charge : then two of them insert a bent bar of iron under 
one end of the scoop, while the third takes hold of the cross 
handle at the end ; the weight divided amongst three is easy 
to lift, and the scoop being placed within the retort is immedi- 
ately pushed up as far as it will go, and turned quickly over : 
in an instant the fourth man approaches with his lid already 
luted all round with a breadth of 1£ inch of the composition, 
about £ of an inch thick, and fixes it on in its proper place ; 
he then stoops down, picks up the cross-bar and the screw 
which passes through it, fixes the former in the two ears of the 
mouth-piece, and immediately tightens the lid by turning the 
screw and causing it to press on the back of the lid. All these 
operations in a well-conducted establishment are performed 
with an accuracy and dexterity which is worthy of much admi- 
ration, considering the dreadful temperature in which the poor 
fellows have to work. The composition for luting the retorts 
is made of the spent lime from the purifiers, mixed with a little 
fire-clay, and well worked up with water like mortar. In large 
works it is prepared outside the retort-house and brought in by 
wheel-barrows as required. In dressing the retort lid with the 
luting, the workman uses a trowel, and works a little of it up on 
a board, and applies it all round the rim as already described. 
In works which are situated near a railway it is of course 
highly desirable to effect as intimate a connection with the rails 



MODE OF WORKING RETORTS. Ill 

as possible. Mr. Croll has a railway at Bow Common laid 
from his works to the canal which communicates with the 
river Lea and with the coal depot at the month of that river. 
A line of rails is actually brought into the retort-house, and 
laid along each side of the retort-benches. 

The rails are stout castings in the fish-bellied form, with 
iron supports every 10 feet ; the surface of rails is about 4 feet 
above the charging floor of his upper ovens, and the coal is 
simply discharged out of the waggons on the floor. The entire 
absence of sleepenumd of all obstructions, except the pillars 10 
feet apart, gives every facility for using the coal whenever 
required. By this contrivance all expense of wheeling coal is 
saved. 

Mr. Croll causes the red-hot coke, as it comes from the fur- 
naces, to be conveyed in wrought-iron barrows or waggons to 
the furnaces which require feeding, and effects in this way a 
considerable saving of fuel. This method is also practised at 
the Chartered Gas -Works, and by other companies. 

Two workmen at least are necessary to work a retort ; whilst 
one is preparing a new lid, the other is breaking the coal and 
making ready the charge to be placed in the retort. 

The French use an iron barrow for the hot coke, with the 
body in the shape of a semi-cylinder, which can be turned 
round by means of a handle and made to discharge its contents 
with great readiness. This contrivance is of course only neces- 
sary where the works are unprovided with a coke- vault,' because 
where a vault exists, the coke would at once fall through into it 
on being raked from the retorts. 

It is usual to extinguish the incandescence of the coke by 
throwing water upon it. 

In small works, when the lid has been de-luted and the coke 
raked out, two workmen proceed to throw in the charge with a 
shovel ; while near the end of the charging, one of them stands 
ready having the lid prepared with a rim of luting, and as soon 
as the charge is placed in, he proceeds to fix the lid, and to 
tighten it by means of the screw. luAat^jst ws&s^ ^c«t& ^afc 
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scoop is used for charging, three men are required, as already 
explained, to use the scoop. In small establishments two 
stokers are generally sufficient to work two benches of D re- 
torts, or at the rate of one man to five retorts ; but in large 
works the proportion of workmen is not nearly so great. Mr. 
Barlow estimates thirty stokers by night and thirty by day for 
the work of 400 retorts, giving an average of more than thir- 
teen retorts to each. 

TEMPERATURE OF FURNACES. 

With reference to the heat which it is proper to employ in 
the distillation of coal for gas-making, it is unfortunate that 
science has not yet furnished the practical man with any conve- 
nient method of estimating high temperatures. Wedgewood's 
pyrometer, though extremely ingenious, gives all its indica- 
tions on so small a base line as to require an accuracy and 
homogeneity in the composition of the clay cylinders em- 
ployed which is physically impossible. The range of tempera- 
ture indicated by the Wedgewood pyrometer being more than 
ten times greater than the range from the freezing to the 
boiling point of water, has to be expressed within the limits of 
only fths of an inch, this being the extent to which a cylinder 
of clay contracts between a faint red heat at about 950° Fah- 
renheit and the melting point of cast iron at 2800° Fahrenheit. 
It is true this very small range of -fths of an inch, divided as it 
is into 240 parts, is made appreciable by Wedgewood' s contri- 
vance of reading off on a base or ruler about 2 feet long, but 
the delicacy of observing and manipulating with such an 
instrument is too great to render it available for practical 
purposes, besides which the cones or cylinders of clay can 
never be procured sufficiently uniform in structure. 

Darnell's pyrometer is, perhaps, superior to any other that 

has been tried. Its indications are caused by the expansion 

or contraction of a bar of platinum connected with a lever 

which acts as an index. The dial on which the index revolves 

affords room for a greatly increased space to \s»& off the 
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results, but this instrument for practical use is liable to some 
of the objections against Wedge wood's pyrometer. The recent 
methods pointed out by Mr. Prinsep for determining high tem- 
peratures by means of fusing the metals and their alloys, is far 
too troublesome and complicated for practical use. The beau- 
tiful experiment of obtaining the temperature of a furnace by 
means of thermo-electric currents is also far too delicate for 
ordinary use, and until some contrivance more capable of being 
reduced to daily practice shall be introduced into gas-making, 
we must be content to be guided in a great measure by the 
colours presented by the interior of the furnace. Constant 
observation will, indeed, greatly improve the faculty of esti- 
mating high heats by the shades of colour which they present, 
and at all events enable the observer to compare and adjust 
the working of his furnaces. The following Table of high 
temperatures, expressed in the colours commonly used, with 
their corresponding temperatures reduced to Fahrenheit's 
scale, has been principally compiled from M. BecquerePs 
* Traite* de Physique.' 

Faint red 960°Fahr. 

Dull red 1290 „ 

Brilliant red (colour of red oxide of lead) . 1470 „ 

Cherry red 1650 „ 

Bright cherry red 1830 „ 

Dull orange 2010 „ 

Bright orange 2190 „ 

White heat 2370 „ 

Bright white <. 2550 „ 

Brilliant white 2730 „ 

Melting point of cast iron .... 2786 „ 

Greatest heat of iron blast-furnace . • 3300 „ 

The heats considered most advisable for iron retorts are 
cherry red and bright cherry red, ranging from 1650° to 
1830°. It is found that higher temperatures than this, 
although they produce more gas, are very destructive to the 
retorts. For clay retorts, however, the bright orange merging 
into a white heat may be used with aAwRtagb. 



CHAPTER X. 

THE HYDRAULIC MAIN AND ITS PIPES FOR CONNECTING 

THE RETORTS WITH THE MAIN. 

The pipes leading from the retort to the hydraulic main' are 
not fitted into the retort itself, hut into a separate casting termed 
the mouth-piece, which is commonly of the same size as the 

• 

mouth of the retort, and is secured to it by a flange and bolts, 
as before described when speaking of iron retorts. The same 
kind of mouth-piece is used for clay retorts, which, instead of 
a flange for attaching the mouth-piece, are provided with a 
ring, 4 inches in thickness and 6 inches in breadth, through 
which holes are cut to receive the bolts for securing the 
mouth-piece. 

A bent pipe passes up from the mouth-piece to the 
hydraulic main, the straight part secured to the mouth-piece 
being called the stand-pipe, while the other straight part 
passing into the hydraulic main is called the dip-pipe. The 
part connecting the dip and stand pipe is called the bridge- 
pipe, and this part is usually provided with two bonnets, 
which can be removed when the pipes require cleaning. The 
stand and dip pipes vary in diameter from 3 to 6 inches, a very 
usual size being 4 inches. There are various modifications in 
the arrangement of pipes between the retorts and the hydraulic 
main. In England the stand-pipe usually passes up to a 
height of four or five feet above the main, and is fitted at the 
top with a semicircular bridge-pipe, which connects it with 
the dip-pipe. 

s s, in figs. 24 and 25, show the form of the pipes used at 

the Philadelphia Works, where the bridge-pipe is somewhat 

dtifamnt from that generally used in England. Another ar- 

«<^^^^Hpp£ has been employed at some of the gas-works in 
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France, where the stand-pipe passes through the hydraulic 
main, and is covered by a dip-pipe which allows the gas to 
pass down in the annular space surrounding the stand-pipe 
into the tar of the hydraulic main. In all these contrivances 
the main is placed above the retorts ; but this is not absolutely 
essential, as it has frequently been placed with advantage 
beneath the firing floor. 



THE HYDRAULIC MAIN. 

This is a tube or trunk, — usually, but not always, of cast 
iron, — extending the entire length of the . retort-house, and 
varying from 12 to 18 inches diameter, and generally J-ths 
to f ths of an inch in thickness when made of cast iron. 
Wrought-iron hydraulic mains, however, are now beginning to 
be used, and will probably altogether supersede cast-iron, 
on account of their lightness and strength. These are usually 
made of larger diameter than the cast-iron, and put together 
in longer lengths. See figs. 43 to 45 for the details of the 
wrought-iron hydraulic main just erected by Messrs. Cowley 
and Co. for theYhoenix Gas Company. 

The main is made of f -inch boiler-plate. The ring forming 
the main is composed of two circular plates and one flat piece 
on the top, as shown in fig. 43. The circular plates are made 
of two breadths, namely, about 3 feet and 2 feet, and about 
5 feet 6 inches in length. They break joint with each other, 
by having their line of division alternately on opposite sides of 
the main. (See fig. 43.) 

The main is constructed in lengths of 23 feet, and at each 
end of this length there is a flange 3 inches wide, shown in 
elevation in fig. 44, which also shows the bolt-holes through 
which the bolts pass for securing the separate lengths of main. 
At the end of each length, and also midway in each length, is 
a division-plate, 7 inches deep in the centre, shown in fig. 43. 
A plan or top view of one length of main is shown in fig. 45, 
which exhibits the mode in which the ea&to^^Va>*&taNSfcfcVva 
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Kg. 44. 




the main. This flange consists of 3-inch angle iron, half an inch 
thick, bent into a circular form, one aide bein^ secured to the 
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Fig. 45. 
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main by f -inch rivets. If inch apart all round. The bolt-holes 
in the face of the flange, shown in fig. 44, are J inch square. 
The flat top plate is in lengths, of which three correspond to 
one 23-feet length of main ; each length takes seven dip-pipes. 
Two of the openings to receive the ends of the dip-pipes are 
shown at a a, fig. 45. These openings are 5£ inches diameter, 
and 12 inches apart from centre to centre. Each opening is 
surrounded by six bolt-holes, $ square, to receive the bolts 
for fastening the flanges of the dip-pipes. Figs. 43 to 45 
are drawn on a scale of -^th, or 1 inch to a foot. The cost 
of the main erected complete is ^£17 per ton. 

The cast-iron mains are generally of such a length as to 
reach over two benches, and the joints are made with bolts 
and nuts, and iron cement, in the usual manner. In old works 
the hydraulic main is usually a circular tube, but of late years 
D-shaped mains have frequently been used, generally with the 
flat side downwards. Mr. Croll, however, at Bow Common 
has a D-shaped main with the convex. sv&fe &<rorNrac&&« 
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The hydraulic main when first brought into action is filled 
about half-full with water, but the tar contained in the gas 
which passes into it is soon deposited in the hydraulic •main, 
so that the sealing liquid changes its character and becomes 
nearly all tar. 

The hydraulic main being filled about half-full with water, 
the end of the dip-pipe passes through the water to a depth 
of 3 or 4 inches. The gas from the retorts then passes down 
the dip-pipe and bubbles up through the water till it arrives 
in that part of the main above the surface of the liquid. 
The hydraulic main, therefore, is the first receptacle in which 
the gas is collected after its separation from the coal. 

Allow me for a moment to dwell on the beautiful inge- 
nuity exhibited in the hydraulic main, with its contrivance 
of a dense fluid for the purpose of forming a perfectly air- 
tight and gas-tight chamber, and cutting off all communi- 
cation from this chamber to the retorts, while the passage 
of gas from the retorts to the chamber is perfectly free and 
open. This condition will be apparent if we consider for a 
moment that the extreme lightness of the gas will always 
cause it to pass upwards through the tar, while, onee 
arrived over its surface, it has no power whatever to dis- 
place the tar and pass backwards. The hydraulic main con- 
stitutes the first application in the gas manufacture of that 
beautiful contrivance called the water-joint. It is this con- 
trivance which enables the chemist to store and confine his 
gases in the receivers of the pneumatic trough, and thus by 
the use of denser fluids, such as water and mercury, to im- 
prison the most volatile forms of gaseous matter in a mode 
which, for delicacy and subtilty, infinitely excels every con- 
trivance ef mere mechanical fitting. We shall see hereafter 
how largely this valuable principle of sealing up the aeriform 
fluids by means of denser fluids, through which they can past 
in one direction but not in the other, has been applied in the 
^Mfftt* the gas-holder, and, in fact, in every one of the con- 
^B** connected with the collection, storing, and distribution 
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of gas. At present it may be sufficient to point attention to 
the value of this property derived from the different densities 
of fluids, which gives both to the chemist and the manufacturer 
a power over the aeriform bodies which they would strive in 
vain to obtain by any other means. 

Each of the pipes thus dipping into the tar of the hydraulic 
main freely delivers the gas produced in its own retort, and 
effectually prevents its return. However numerous may be the 
pipes dipping into the hydraulic main, whether they contain 
gas or not, and whether the retorts are working or not, it is 
impossible that any gas once arrived above the surface of tar 
in the main can escape back again by any of the pipes. Each 
open end is hermetically sealed against the return of gas which 
has once been delivered into the main. 

The length of the dip-pipes should not be less than 3 feet, 
and is frequently made as much as 5 feet, in order to prevent the 
tar rising in^he dip-pipes connected with the empty retorts as 
high as the bridge-piece. It is obvious that the pressure of gas 
from the working retorts will force the tar up a short distance 
into the empty dip-pipes, but this distance is seldom if ever 
equal to 3 feet. As the hydraulic main is generally half-full of 
tar, its diameter must be so regulated that the tar forced up 
into the empty dip-pipes will not so far diminish the depth in 
the main as to uncover the ends of the dip-pipes, because this 
would simultaneously unseal every one of them, and the gas 
would immediately escape from the main. 

The hydraulic main is sometimes placed on the solid struc- 
ture of the brick-work over the retorts, but more frequently a 
little in advance of the ends, in which case it requires to be 
supported by columns. The hydraulic mains at the Great 
Central Gas -Works are in the shape of a reversed D, 18 inches 
wide and 18 inches high. There is one on each side of 
the stack of retorts. The main is cast in lengths of 
nearly 10 feet, so as to reach over one bench of retorts, and 
the joints are placed over the centre of the arches. The 
thickness of the main is fths of mmc^mW *. T^^ss^^- 
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the ends of each length. The upright pillars to support the 
main are hollow columns 7 inches diameter at base, 6 inches 
at top, and f ths of an inch in thickness. A pillar is placed 
in the centre of each length of the main, and the opposite 
pillars are tied together by bars of inch round iron stretching 
entirely across the bench of retorts. 

Each length of the hydraulic main is usually provided with 
a partition, the top of which is level with the surface of the 
fluid, and the object of which is to keep the fluid up to the 
same height in every part of the main. Of course where 
so much depends on the effective sealing up of the ends of the 
dip-pipes, every care must be taken to fix the hydraulic main in 
a perfectly horizontal position from end to end. When the 
hydraulic main is of cast iron, the holes to receive the ends of 
the dip-pipes are cast in it, and the flanges of the dip-pipes 
are secured to the main by nuts and bolts, the joint being 
made with the usual iron cement, such as that usetl for attach- 
ing the mouth-pieces to the retorts. Where the main is of 
wrought iron, as shown in figs. 43 to 45, the top is formed by 
a flat piece to which the wrought-iron circular part of the 
main is attached by rivets, and in this flat piece the holes for 
the dip-pipes are cut by hand. One end of the hydraulic 
main is closed by a plate having the same section as the out- 
side flange of the main, to which it is bolted and secured 
by iron cement. A similar plate is also bolted on at the other 
end of the main, but this plate is provided with an orifice 
usually about half the diameter of the main itself. The lower 
part of this orifice is immediately above the level of the fluid 
in the hydraulic main, and the orifice itself corresponds with 
the exit-pipe which conveys away the gas to the condenser. 
The flange of the exit-pipe is bolted on to the perforated end 
plate of the main. The exit-pipe is usually provided, soon 
after leaving the hydraulic main, with a descending pipe to 
carry off the tar into the cistern below the condenser. The 
lower end of this descending pipe must be sealed either by dip- 
ping several feet into the tar of the cistern, or into a small well 
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which communicates with the cistern. The descending pipe 
to carry off the tar is not absolutely necessary at this place, 
because trie same office is sometimes performed by the siphon- 
pipe at the first bottom bend of the condenser ; it is often 
adopted, however, because it is advisable to separate the tar 
as soon as possible. 



CHAPTER XI. 

ESTIMATES OF RETORTS. 

Mr. Clegg, in his valuable treatise published by Mr. Weale 
in 1841, has given some minute details of the cost of setting 
retorts, and of taking down and re-setting them in benches. 
The amounts of these estimates, however, are of course 
subject to great fluctuations, as may naturally be expected 
when we consider that they are wholly composed of two 
articles, namely, labour and materials, the value of which, 
but particularly the latter, is constantly varying. Mr. Clegg* s 
estimate for taking down and re-setting a bench of five 
D retorts, including the arch of the oven, is thus com- 
posed : 

£. t. d. 

Five D retorts, each weighing 13 cwt., at £ 7. 10*. 

per ton 24 7 6 

Fire-bricks, common bricks, fire-tiles, lime, sand, 

fire-clay, and cement 9 6 

Labour 4 9 6 



£38 3 



Mr. Barlow, the talented editor of the ' Journal of Gas- 
Lighting,' has gone very fully into the question of retorts* ia 
his Report to the City of London G*& Com^wq o^ *S&r. ^a- 
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ject of the Great Central Gas Consumers' project in 1850. In 
this Report Mr. Barlow estimates the annual cost of 526 
retorts, half of iron and half of clay, at 56 3891 ; and from 
his details the following estimate is drawn as to the cost of 
a bench of five D retorts, for the purpose of comparison with 
Mr. Clegg's estimate : 

£. 8. d. 

Five iron retort*, each weighing 16 cwt., at £ 5 each 25 
Taking down old retorts, breaking the connections, 

and removing old materials ; five, at 4*. . 10 

Bricklayers' wages, re-setting five new retorts, at 

10*. 6d. . . . 2 12 6 

Clay, fire-bricks, and fire-tiles used in re-setting 

retorts and in repair of furnaces ; five, at 20*. . 5 
Making good connections to hydraulic main ; five, 

at 3* 15 

Bolts and cement for new connections, wear and 

tear of ash-pit pans, furnace-doors and bars, ears 

and cross-bars, barrows, scoops, shovels, brooms, 

&c 2 10 

36 17 6 
Allowance for contingencies and defective retorts, 
10 per cent. 3 13 9 



£40 11 3 



This estimate is in reality somewhat under Mr. Clegg's, as 
Mr. Barlow has calculated on retorts weighing 16 cwt. each 
instead of 13 cwt. It is probable, that at the present low 
price of iron and labour, contracts would be taken to erect 
benches of iron D retorts, weighing 16 cwt. each, at £35 per 
bench, including the arch of the oven; and generally it may 
be assumed that the wear and tear of iron retorts, supposing 
them to require renewal every twelve months, will range from 
£7 to £8 each. 

The following is Mr. CrolPs estimate for the first erection 
of 252 single iron retorts and the same number of single 
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Feigh 


t of each. 


Total. 




cwt. 


qrs. lbs. 


tons cwt. qrs. 


lbs 


16 


3 


211 1 





1 


3 20 


24 1 





3 


3 


94 10 





12 





43 4 








1 22 


20 1 3 


4 



clay retorts, including the connecting pipes and hydraulic 
main. 

Material!. 



252 iron retorts and mouth-pieces . 
252 mouth-pieces to clay retorts . 
504 ascension-pipes, 4 inches diameter, 
average length 20 feet 
72 lengths of hydraulic mains 

900 retort lids 

Iron joints of raised retort-stage, 

three to each oven; 32 ovens, 

5 inches deep ; and flange, 2 inches 

broad and 1 inch thick 

Open floor-plates of retorts, raised 

stage covering 355£ feet by 3 feet, 

at 28 lbs. to a foot 

Pillars to support hydraulic main, 76± 

Retort binders, two at each, and in 

all 8 

36 furnace door-frames 
36 ashpit-pans . 
360 retort sight-stoppers 



13 



9 9 



• 


• • • 


13 


6 


2 14 


2 


14 


8 


2 


2 7 


10 





4 











3 8 


1 


9 


2 8 


1 


1 20 


2 


11 


1 20 





15 


2 


8 


24 



434 5 21 



tons cwt. qrs. lbs. 

434 5 21 at £ 10 per ton 

Brick- work in division- wall, raised stage, arches, &c, 
62$ rods, at £11 

Concrete in foundations of retorts, 640 cubic yards, at 6*. 

6000 fire-bricks to each setting, each setting 8 feet 6 inches 
wide, by 14 feet high and 9 feet deep, 9-inch work, 1400, 
and 160 of the above to set the iron retorts included in 
the above 6000 ; 216,000, at £ 4. 4*. per 1000 . 

252 earthen retorts, at £3. 10*. each 

92} tons of fire-clay, at £ 1 per ton ... 

Workmanship of fire-brick portion of retorts . 



£. a. 
345 





697 13 
192 


4 
0. 



907 


4 


a 


882 








92 


5 





360 








£7476 


2 


4 



This is at the rate of nearly iS15 fat ^wtaxstot^ 
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Mr. Clegg says, 250 retorts set in ovens, five in each oven, 
and each retort capable of carbonizing 6 cwt. of coal in twenty- 
four hours, including hydraulic main, dip-pipes, and brick- 
work complete, will cost £ 5000, or £ 20 for each retort and 
its appurtenances. 

Mr. Barlow's estimate is £17. 15*. for each retort set 
complete, including, as before, the hydraulic main and all 
appurtenances. 

Some gas engineers prefer to estimate the duration of 
retorts by the quantity of gas produced, and this certainly is 
a more direct and practical measure of their duration than 
mere time, because they may not have been employed during 
the whole period over which the duration is extended. Sup- 
posing an iron D retort to be in constant use, carbonizing daily 
four charges of coal of 140 ibs. teach, this will amount to £th 
of a ton every 24 hours, from which, at the rate of 9000 feet 
per ton, 2250 feet of gas will be made every 24 hours, — or 
in the course of 365 days, 821,250 cube feet. Mr. Croli 
and Mr. Barlow appear to have agreed, in the discussion on 
the Central Gas Consumers 1 Bill, that the duration of iron 
retorts was equal to the production of 700,000 cubic feet of 
gas, which would correspond with a period of constant work 
equal to something less than twelve months. It is presumed 
from these considerations that no sensible error will arise 
from assuming the duration equal either to the production of 
700,000 cube feet of gas, or equal to twelve months' wear in 
the ordinary practice of gas-works. 



CHAPTER XII. 

ON THE RETORT- HOUSE. 

In deciding on the dimensions of the retort-house and the 
number of retorts to be employed, it is important not to esti- 
mate their power of carbonizing too highly. Thus, although 
9000 cubic feet of gas, and even a larger quantity, is frequently 
made from a ton of Newcastle coal, it is not safe in arranging 
the construction of a gas-work to estimate the production at 
more than 8000 feet per ton. The quantity of gas required to 
be made in twenty-four hours being known, the quantity of 
coal to be carbonized will be found in tons by dividing the 
cubic feet of gas by 8000. Supposing a quantity of gas equal 
to 240,000 cubic feet to be required in twenty-four hours, it is 
evident, according to the preceding rule, that provision must be 
made for carbonizing 30 tons of coal in twenty-four hours. 

The carbonizing power of the large or York D retorts- is 
equal to about 2£ cwt. of coal every six hours, or each retort 

30 x 20 

will carbonize 9 cwt. of coal in 24 hours. Hence — - Q — = 67 

the number of such retorts which will be required for the pur- 
pose of carbonizing. Suppose again that the London D retorts 
are used and charged every six hours with 1£ cwt. of coal, then 
the work of each retort will be represented by 6 cwt. of coal 

30 x 20 
every 24 hours; hence — g — = 100 of such retorts required to 

do the same work as 67 of the York D. 

At many of the large London works a smaller sized retort is 
used, and charged every six hours with 140 tbs. of coal, making 
its performance equal to 5 cwt. in 24 hours. By repeating the 
above calculation it will be found that 120 retorts of this de- 
scription or 24 benches of five each will be required to car- 
bonize the 30 tons of coal in 24 T&owxs. *\^&afe «hbsck^s» , sk^ 
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render the reader familiar with the mode of arranging the 
number of retorts, "whatever shape or variety may be used, 
provided always the carbonizing power of each kind of retort 
be known. Where two or more different kinds of retorts are 
used in combination, the calculation is equally simple. 

In England the retort-house is commonly built in the form 
of a rectangle, and the benches of retorts placed side by side 
from one end to the other. The retorts are placed back to 
back, so that- in a retort-house containing 24 benches, 12 of 
these have the front or open ends towards one side of the 
retort-house, and the other 12 are turned towards the other 
side. The space usually occupied by a bench of London D 
retorts is about 7 feet from centre to centre of pier, and the 
two retorts placed back to back with a 14 -inch partition 
between them occupy a width of 15 to 18 feet, according to 
the length of the retorts. Where a coke-vault is built under- 
neath the firing floor, it is advisable, in order to avoid excava- 
tion, to have the floor of the coke-vault about level with the 
surface of the ground. The height from the ground floor to 
the firing floor may be 8 or 8£ feet, and the firing floor should 
be supported by arches springing from piers carried up from 
below the ground line. These piers should correspond with 
and support the piers alternating with the arches in which the 
retorts are set. The retort- house is usually made about 14 
feet longer than the space occupied by the retort benches, in 
order to allow plenty of room for passing round the retorts, 
&c. Thus, supposing 24 benches of retorts set 12 on each side, 
these will require for the arches and their piers a length of 
12 x 7 = 84 feet, in which case the inside length of the retort- 
house should be not less than 98 feet. Mr. Clegg allows 14 
feet in front of each line of benches, making the whole inside 
width of the retort-house 14 x 2+ 16= 44 feet, where a 
width of 16 feet is occupied by the retorts ; and this is pro- 
bably not too much to allow for free passage and for the 
operations attendant on the retorts and furnaces, such as stir- 
ijng, inking out, firing, &c. The height from the firing floor 
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to the wall plate is usually about 14 feet, making the whole 
height of the retort-house from the ground line to the wall 
plate about 22£ feet. 

The hydraulic main is usually supported by cast-iron pillars, 
and the roof of the retort-house is generally of wrought iron 
covered with slate. The coal-stores extend along each side of 
the retort-house ; they may be about 10 feet wide and 16 feet 
high from the ground line. Mr. Clegg gives for the thickness 
of the walls in retort-houses built by him 18 inches from the 
ground line to the firing floor, and 14 inches from the firing 
floor to the top: he states, however, that where funds are 
available, he would prefer increasing each of these dimensions 
by half a brick, at all events to the height of the coal-store, 
which reaches to within 6 feet of the wall plate or top of the 
walls of the retort-house. There is nothing peculiar in the 
walls of the retort-house more than in other buildings of 
the same height ; of course, precautions should be taken to 
secure a good foundation, to extend the base by footings, and, 
where necessary, to use piling or concrete, according to the 
nature of the foundation. On these points no general direc- 
tions can be given, . as the treatment must vary . with the 
special circumstances of the case : the general rules, however, 
applicable to ordinary foundations will also apply here. The 
foundations of the piers, from which spring the arches under 
the firing floor and support the piers for the arches of the 
ovens above, of course require great care and attention, be- 
cause any settlement after the fixing of the retorts would 
be very injurious. The piers must be founded on concrete 
where required, and it is advisable in all cases to connect them 
by inverted arches of 9-inch brick-work, so as to bond and tie 
the whole of the piers together into one broad base. Where 
the foundation is treacherous, the usual expedients for effecting 
security must be resorted to. 

In arranging the number of retorts to be put up, an allow-' 
ance of 1 in 4 or at least 1 in 5 should be made for retorts out 
of order or undergoing repair.. T\iu& S£\tofo tttoifci «*- ^»- 
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quired by calculation to carbonize the coal in any given works, 
the establishment should contain not less than 120 to 125, in 
order to allow for defective retorts, &c. 

The price of erecting retort-houses will of course vary with 
the price of labour and building materials in the district. 
Brick-work will vary in different parts of England from £, 9 to 
£15 per rod, and therefore it would be useless to give the 
prices of any particular district as a general standard for esti- 
mating. 

Mr. Clegg gives an example of a retort-house 120 feet long 
and 48 feet wide, height from ground line to firing floor 8 feet 
h\ inches, and from firing floor to wall plate 22 feet 5} inches, 
thickness to firing floor 18 inches, and from firing floor to top 
of walls 14 inches. The quantity of brick-work in such a 
retort-house, including the arches and piers of the coke- stores 
and the whole central portion up to the level of the firing floor, 
would be about 1000 cubic yards, which at 25*. would amount 
to £1250. 

Mr. Clegg gives the cost of this brick-work, including 
the cast-iron girders and York landings for the firing 
floor, at £1975 

He also estimates the roof at 320 

Brick-work for ovens, including the setting of 150 
retorts, but excluding the price of retorts, and ex- 
cluding hydraulic main, stand-pipes, &c. . . . 600 

Chimney, 120 feet high 180 

£3075 

This retort-house contained 30 benches or 150 retorts, and 
was capable of producing 300,000 cubic feet of gas in 24 
hours. 

He also gives another example of a house not so expensively 
finished, being without a coke-cellar, and involving the neces- 
sity of wheeling out the coke in barrows into the open air. 
This house contained 8 ovens or 40 retorts, of which it was es- 
timated that 30 would be in working order and would be capa- 
ble of producing 78,000 cube feet of gas in 24 hours, so that 
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the works were ample for the supply of a town requiring 70,000 
cubic feet of gas in the winter season. 
. The cost of brick- work for this house, including the roof, 
the chimney 70 feet high, and the setting of the retorts, was 
£710. 

The next example given by Mr. Clegg is a retort-house con- 
taining 11 benches with 5 retorts in each, and a coke- shed 
built on one side of the retort-house on lower ground, so that 
the ground line on one side was also the floor for firing the re- 
torts, and the falling nature of the ground gave facilities for the 
passage of the coke into the shed, into which it slid down an 
inclined plane from the front of the retorts. 

This building, which was 70 feet in length, cost, ex- 
clusive of foundations, but including a chimney 

90 feet high £1200 

A wrought-iron roof, slated 190 

Ventilator of wood, slated ... 43 

£1433 

£. s. d. 
Eleven benches of retorts, set complete . . 220 
Cost of retorts 268 2 6 

The retgrts were medium sized D's, each capable of carbon- 
izing 6 cwt. of coal in twenty-four hours ; so that 45 working 
retorts would carbonize in twenty-four hours 13£ tons of coal, 
and produce from 108,000 to 120,000 cubic feet of gas. 

Mr. Clegg' s next example is on a much larger scale, namely, 
a retort-house 200 feet long and 54 feet wide, with coke-vaults 
on the ground floor. His estimate for this building is as 
follows : 

Brick-work in outside walls, iron girders, flagged firing 

floor, and centre portion for supporting retort benches £ 3950 

Wrought-iron roof, slated ...... 700 

Chimney, 120 feet high .... 180 

T5 
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M. D'Hurcourt, the author of a French work on gas- 
lighting, recommends a hexagon as the best form of retort- 
house. He proposes three entrances, — namely, one in the 
middle of each alternate side. In this arrangement only two- 
thirds of the retorts can be placed back to back, the remaining 
third of the whole number abutting against the brick- work of 
the main shaft or chimney, which is in the centre of the 
building. The hydraulic main is placed outside the building 
along each side of the hexagon, and advantage is taken of the 
waste heat from the retorts, all concentrated in the centre of 
the building, to heat one or more steam boilers, which supply 
a small engine that works the exhausters, the stirrers of 
the purifiers, pumps water into the gas-holder tanks, &c. 
The system of hexagonal retort-houses is not recommended 
with outside hydraulic mains where more than two retorts are 
set to an oven, on account of the complication occasioned by 
the numerous pipes. This kind of retort-house has never 
been employed for any but small works containing from 30 to 
45 retorts; and, in fact, they require to be further tried 
before any opinion can be expressed either for or against 
them. 

The retort-house recently erected at Kensall Green for the 
Western Gas Company, from the designs of Mr. G. H. Palmer, 
is peculiar in its arrangements. The building is a aodecagon 
or figure of twelve sides on the plan. The benches of retorts 
are ranged along the sides of the building, and are fired from 
the inside. According to this arrangement, the retorts are 
not set back to back, but in a single row. Each stack of 
retorts contains thirteen benches or arches, with five retorts 
in each. The retorts are chiefly of the York D-shape, 7 feet 
6 inches long, 21 inches wide, and 12 deep; and the upper 
retort in some of the benches is 32 inches wide. At these 
works, Ramsay's Newcastle cannel is used exclusively, and 
as this coal does not swell in the retorts so much as the 
■B^r coal, it, admits of larger charges being used ; so that 
Hp& of these retorts is capable of carbonizing nearly three 
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tons of coal in twenty-four hours. At the present time (mid- 
winter, 1853), about 152 retorts are used. Each stack of 
retort benches has its own hydraulic main, a reversed D, 
16 inches x 14 inches. A receiving pipe 18 inches diameter 
passes entirely round the retort-house, and receives the gas 
from the separate hydraulic mains which are connected with 
it, and so arranged that the gas from either stack of retorts 
may be shut off by a slide-valve. 

The chimneys of retort-houses, being usually from 70 to 100 
feet in height, of course require considerable care in their 
foundations. Concrete or piling will frequently be required 
in bad ground, and all the usual precautions will be necessary 
to insure stability. Mr. Clegg states the price of building 
plain shafts in London at about 25*. for every foot in height 
above the ground line. The foundation must be separately 
estimated, taking excavation at about 1*. per yard, con- 
crete 6*., York landings Is. 6d. per square foot, brick-work 
18*. per cubic yard; fining in, pounding, and levelling earth 
3d. per cube yard. These prices are lower than those 
given by Mr. Clegg, but they are such as a respectable 
builder would readily execute the work for at the present 
time. 

The chimneys for gas-works in this country vary from 6 to 
16 square feet in area, according to the number of furnaces 
and the extent of the works. 

Mr. Barlow's estimate for a very large gas establishment, 
producing an annual quantity of 368 million cubic feet, and 
a maximum quantity of 1,800,000 cubic feet in a day, is 
that a retort-house or houses should be erected capable 
of containing 800 retorts. He estimates that each of these 
would be worn out after producing 700,000 cubic feet of .gas, 
so that 526 new retorts would be* required annually. He 
assumes that each ton of coal will produce 9200 cubic feet of 
gas, so that the greatest quantity of coal to be carbonized in 
one day in the depth of winter will be 195 tons 13 cwts. This 
at 5 cwt. to each retort will requite 7$ft xstocte, «xA^^ <s^. 
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will require 652 retorts, — in the one case allowing 1 7 retorts, or 
2 per cent, of the whole number to be ineffective, and in the 
latter case allowing 148, or 18 per cent, to be out of repair, 
or otherwise ineffective. Probably the' latter supposition is 
the one which Mr. Barlow contemplates, as he takes his iron 
retorts at 16 cwt. each, which will admit of D retorts capable 
of carbonizing at least 6 cwt. in 24 hours, that is, capable of 
being worked with charges of 1} cwt. every six hours. 

Mr. Barlow gives the size of a retort-house capable of con- 
taining 800 retorts at 640 feet in length by 52 feet in breadth 
and 24 feet high. 

He estimates the building, including an iron roof 

covered with slates, at £16,640 

Coal-sheds, to contain 10,000 tons of coal . . . 9,000 
Chimney, 120 feet high, with flues lined with fire-brick 450 

800 retorts, namely 400 clay and 400 iron, set complete, 
with hydraulic main, mouth-pieces, ascension-pipes, 
dip and bridge pipes, complete, at £17. 15*. each • 14,200 



£40,290 

The following is Mr. CrolTs estimate for a retort-house 
capable of containing 504 retorts, including the chimney, the 
purifying house, coal-stores, and a boundary wall to surround 
the works. 

£. s. d. 

436 rods 33 feet standard brick-work, at £11 per rod . 4797 10 

792$ yards of concrete, at 6* 237 14 

Roofing, as per tender 6615 

Iron floor for purifying house, 26 tons, at £10 per ton . 260 

12 tons of beams to support flooring, at £10 . . 120 
504 retorts, as per former estimate, less £ 899. 13*. Ad. for 

brick- work and concrete included in the above . . 6576 9 



£18,606 13 



CHAPTER XIII. 

ON THE PURIFICATION OF GAS. 

We have traced the production of gas from the retorts into 
the hydraulic main, where it has been shown that the gas is 
retained hy a beautiful contrivance, which, while freely ad- 
mitting the gas to enter it from the retorts, opposes a seal 
hermetically closed against the escape of any of the gas 
through the empty pipes, and so back into the retorts. The 
gas thus collected in the hydraulic main is capable of being 
burnt, and was originally used in this state without purifi- 
cation for the purposes of lighting. By degrees, however, it 
was discovered that the numerous impurities with which the 
gas in the hydraulic main was charged rendered it unfit for 
burning in private houses, and one contrivance after another 
was adopted in order to separate these impurities, which are 
more particularly described in the chapter on the chemistry 
of gas-lighting. The process of purification is partly me- 
chanical and partly chemical; that is to say, the tar and 
ammoniacal liquor are separated by a mechanical process of 
cooling and condensing the gas as it passes from the hydraulic 
main, by which process the vapours of tar and ammonia con- 
tained in the gas are condensed and allowed to pass off into 
separate vessels placed to receive them. The breeze condenser, 
or scrubber, in which ammonia is further separated by passing 
the gas through strata of coke dust or breeze, is a further mode 
of mechanical separation which is adopted in some cases. 
The remaining parts of the process of purification are purely 
chemical : they consist of passing the gas through sheets of 
water in certain cases, and, in purifying by Mr. Croll's patent 
method, of passing the gas through diluted sulphuric acid, or 
through a weak solution of chloride of mrce^sftfe'Sfc. \&.\*&cl 
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these processes the separation of ammonia is effected. The 
other part of the chemical purification is by means of wet lime, 
by slacked lime in the state of hydrate, or by means of cer- 
tain other metallic oxides for the purpose of absorbing the 
sulphuretted hydrogen and the carbonic acid — the remaining 
impurities with which the gas is saturated. After the sepa- 
ration of these last impurities, the gas. is sufficiently pure for 
the ordinary purposes of lighting, and it accordingly passes 
off to the gas-holders to be stored for use. 



OF THE WASHER AND CONDENSER FOR SEPARATING THE 
TAR AND AMMONIACAL LIQUOR. 

The importance of having an apparatus to perform this 
part of the process effectively is very great, because much 
depends upon it in future operations. If the gas reaches 
the lime purifiers still charged with vapours of tar, the 
lime is prevented from acting properly, and a much greater 
' quantity is required to absorb the carbonic acid and sulphu- 
retted hydrogen : besides this, the pipes and valves become 
choked up with tar, which also produces most unpleasant 
effects when the gas is burning, and is equally injurious to 
the stop-cocks and other parts of the fittings. Too much 
attention therefore cannot be paid to this part of the process, 
which is only effectually performed when the gas is thoroughly 
cooled by the time it reaches the lime purifiers. 

In some country works the gas is passed through a vessel of 
water between the hydraulic main and the condenser. In this 
case it is evident that products of the same kind are deposited 
as in the hydraulic main, and the process is, in fact, a con- 
tinuation of that to which the gas is subjected on issuing from 
the dip-pipes and reaching the upper part of the main. This 
preliminary process of washing assists the cooling, and at first 
separates the tar and the ammoniacal liquor very well, but in 
a short time the water in the wash-vessel becomes so mixed 
with tar, and so much resembles the fluid contained in the 
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hydraulic main, that it ceases to have much effect in purifying 
the gas ; for this reason, and because it much increases the 
pressure in the hydraulic main, this preliminary washing 
cannot be recommended. It is also thought by many careful 
observers, that too much washing has the effect of diminishing 
the illuminating power of the gas by removing some of its 
valuable constituents. 



Figs. 46 to 48, drawn on a scale of 1 inch =3 feet, show 
the details of a washer as used in some works between the 
hydraulic main and the condenser, usually where dry lime 
is adopted for purification. Fig. 46 is a plan looking down 
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upon the washer ; fig. 47 is a side elevation, and fig. 48 a front 
elevation. In fig. 46 abed is the iron vessel termed the 
washer ; it is made of boiler-plates securely riveted together. 
In fig. 48 is seen the front elevation of this vessel, which in 
the engravings is about 5 feet wide and 4 feet deep at the 
ends, while in the middle the depth does not exceed 18 inches, 
as more particularly shown by the outline in fig. 47. The 
lower part of the vessel is filled with water to the level g h in 
fig. 47. The pipes communicating with the condenser and 
those by which the gas passes off from the wash- vessel are all 
marked with corresponding letters of reference in the three 
figures, and by the aid of these I shall now trace the progress 
of the gas. Passing from the hydraulic main (see fig. 48), the 
gas ascends the pipe a, and proceeds along pipe b. If in- 
tended to be passed into the right-hand extremity of the 
washer, the valve i. is kept open, and the gas passes down the 
d, and enters the space m. Out of this space it has no 





means of escape, except by displacing the water and passing 
up at the other extremity of the \esw\ is&Q "Cwb wps* "»- 
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Arrived here, it .passes up the pipe e, and finally goes off 
through f. If it he intended to pass the gas through the 
wash-vessel in a contrary direction, the valve l is closed, and 
the gas then goes from pipe b into c, and descends through 
the pipe e into n, the left-hand extremity of the washer : it 
then passes through the water as before, escapes into m, and 
goes off through pipe f as in the other case. The valves jrl, 
the use of which will he readily understood from an inspection 
of the engravings, are marked with corresponding letters of 
reference in each of the three figures. 



THE CONDENSER. 

I proceed now to describe the forms of condensers commonly 
in use : these are of two kinds, horizontal and vertical. The 
horizontal condenser is a rectangular box. or chest formed of 
cast-iron plates, put together with flanges forming air-tight 
joints, and provided inside with a series of iron trays, con- 
taining each about 2 inches in depth of water, and so arranged 
that the gas entering at the bottom of the chest passes in 
succession over the surface of water in each tray, and tra- 
versing the whole length of the trough 10 or 12 times, passes 
off at the upper side. The condensed matters separated from 
the gas during this process are left in the water of the trays, 
and flow over to the bottom, from which they pass off by a 
pipe furnished with a stop- cock to the tank for holding the 
tar and ammonia, which will be afterwards described. This 
condenser, which is the invention of Mr. Malam, is frequently 
found in country gas-works. 

Another form of condenser, perhaps more extensively used 
than the preceding, consists of a series of upright pipes 6 or 8 
inches in diameter, connected with each other at top and 
bottom by semicircular pipes, and admitting the gas to flow 
freely through them. This range of vertical pipes is frequently 
made in large works from 20 to 30 feet in height. When made 
20 feet high, every 20,000 feet of gas to be passed through in 
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twenty-four hours will require one pipe, and when 30 feet high, 
every 30,000 will require a pipe. This form of vertical con- 
denser is sometimes used without any application of cold water 
to increase the cooling effect. In fact, the cooling of the gas 
is produced by simple radiation of heat into the atmosphere. 
When the upright condenser was first introduced by Mr. Perks 
in 181 7, the pipes were not nearly so high as afterwards, namely, 
not more than 8 or 9 feet. They also stood in a cistern of water 
which entirely surrounded the pipes, in order to produce the 
condensation as quickly as possible. Instead of haying bends 
at the bottom, each pipe terminated in a cell or partition 
hall* filled with • water, into which the condensed products 
were received, and from which they were conveyed away to 
the tar-tank. Some difference of opinion exists as to the rela- 
tive merits of horizontal and vertical condensers. It seems to 
be generally admitted, however, that gas moving in cylinders 
is not so perfectly cooled as when divided into thin strata and 
passing constantly over cold surfaces. In the first condenser 
which has been described, the trays filled with water are only 
about 6 inches apart, so that the gas is divided into a thin 
stratum, and is always in contact with water on one side and 
iron on the other. In passing through iron cylinders or pipes, 
however, the central part of the gas is not so perfectly cooled, 
so that there would seem to be some advantage in favour of 
the horizontal condenser, while, on the other hand, the up- 
right pipes are more simple and require less attention. Hori- 
zontal condensers are also frequently composed of pipes laid 
horizontally, usually immersed in water. 

Figs. 49 and 50 show a longitudinal section and cross sec- 
tion of a vertical air-condenser, with the pipes dipping into an 
iron trough filled with water up to the line a a. The longi- 
tudinal section shows that the trough is divided transversely 
into spaces, each of these containing two pipes which com- 
municate freely with each other, the gas passing from one to 
the other over the surface of the water, and being prevented 
by the water from passing in any other &xe£&&\u Tfc& ros^ 
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section shows that the trough is divided longitudinally into 
two partitions, each of which receives one row of the pipes. 
In fig. 50, the gas entering into the partition below the pipe 
fi passes up that pipe and down pipe c into the next parti- 
tion ; then it ascends up the other pipe contained in the same 
partition with c, and so on through the whole condenser. 
The condenser used at the Imperial Gas-Works in London 
Hfcfcfl of ten upright circular pipes 3 feet & iraks m diuxte- 
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ter, standing in a shallow vessel containing water, and con- 
nected by rectangular chambers at top. The gas passes into 
the condenser immediately from the hydraulic main. Each 
pipe has an interior cylinder which admits of the free passage 
of air in the centre of the pipe. The gas occupies the annular 
space between the inner and the outer cylinder, and* passes 
freely from one pipe to the other oyer the surface of the water 
at the bottom, and through the connecting chamber at top. 
This form of condenser, with some slight modification, is also 
adopted at the Western Gas Company's Works. 

It appears from the researches of Peclet and other French 
writers on Physics that a very much greater extent of cooling 
surface is required when radiation takes place in air than 
where the radiation takes place in water, as when the con- 
densing pipes are placed in that medium. 

It appears, where the gas has an excess of temperature of 
10 degrees oyer the atmosphere that a unit of surface which 
would radiate 8 parts of heat in the open air would radiate in 
water 10 degrees colder than the gas no less than 88 parts of 
heat ; and the following Table expresses the proportionate 
radiation in the two cases for an excess of temperature up 
to 50°. 





Quantity of heat lost by a square 
unit of the exterior surface of 


Excess of temperature 


pipe. 






in the gas. 


When radiating 
in open air. 


When plunged 
into water. 


For an excess of 10° 
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88 
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In examining this Table we find a great difference in the 
quantity of heat absorbed by water, especially as the excess of 
temperature rises, and hence it follows that if the system of 
condensation by simple radiation into the air be adopted, the 
extent of surface exposed to radiation must be much greater 
than when water is used, a consequence of which is an in- 
creased pressure in the hydraulic main and in the retorts, an 
effect which is always to be avoided if possible. It is true 
that in the method of cooling by means of condensing pipes 
immersed in water, the temperature of the latter rapidly rises, 
so that by degrees the advantage of this mode of cooling is 
lost. In order to meet this difficulty, the apparatus should 
be so arranged that the water may be changed as it becomes 
warm, and its place supplied by water at a lower temperature. 
Notwithstanding this arrangement, the temperature of the 
water will generally be more elevated than that of the atmo- 
sphere. An inspection of the Table, however, will still show 
the great superiority of water as a cooling medium, since 
water only 10 degrees lower in temperature than the gas will 
absorb 88 parts of heat, while air at 50 degrees lower tem- 
perature will only absorb 53 parts. 

ON THE VESSELS FOR RECEIVING THE TAR AND AMMO- 
NIACAL LIQUOR PRODUCED BY CONDENSATION. 

• 

Where the ends of the condensing pipes terminate in cells 
partly filled with water, or where the horizontal condenser is 
used with trays filled with water for the gas to flow over, the 
products of distillation will fall to the bottom of the vessel 
and float on the surface of the water. From this they may be 
drawn off by a siphon which communicates with a tank placed 
below to receive them. The tank may be made of cast-iron 
plates, or of boiler plates riveted together, to form either a 
square or rectangular vessel. These tanks are also frequently 
built of brick or stone properly set in cement so as to be air- 
tight, and roofed over so as to prevent evaporation. What- 
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ever kind of condenser be adopted, it is necessary to nuke 
provision to hinder the escape of gas through the same pipe 
which carries the tar and ammoiiiacal liquor into the tar- 
tank. The mode of effecting this is shown in fig. 51, 

Kg. 51. 




where a b c d represents the tank, and k l the pipe open at 
the lower end, through which the products of condensation 
enter : iron is a cylinder of larger diameter than k l, 
open at the top and resting at the bottom on the base of the 
tank, and filled with water nearly to the top. It is evident 
that the tar and ammoiiiacal liquor discharged at l will ascend 
through the water and flow over into the tank at the top, e h, 
of the cylinder, while the pipe dipping into the water about 
2 feet 6 inches forms an effectual seal against the admission of 
any gas. 

Where an upright condenser is used, consisting of iron 
pipes connected at the bottom by circular pipes, a modification 
of the last-described method is used as follows : A cylinder, 
represented by k f g h, is placed under each of the circular 
bends, with a pipe, k l, leading into it. Immediately above 
the level of the water in k h, branches off a pipe secured to the 
cylinder by a flange and leading into the tar-tank, which runs 
the whole length of the range of condensing \>\y». 'Waijfvfc- 
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ducts of condensation flow off through this pipe into the tar- 
tank instead of falling at once into the tank as they do when 
the cylinder is fixed in the tank, as in the first example. 
Sometimes the products are received into separate vessels, 
that from the last siphon being the most valuable. 

In small gas-works, where not more than 10,000 cubic feet of 
gas are made in twenty-four hours, a very simple kind of con- 
denser may be made of wrought iron by providing a sort of chest 
or box of boiler-plate iron, 4 feet long, 2 feet wide, and 1 foot 
deep. In the top of the box, four holes are to be cut to receive 
either square or rectangular pipes, with an area of about 50 
square inches. The pipes may be made of plate iron like the 
box, and near the top and bottom should be connected with 
short cross pipes to admit the passage of the gas from one 
pipe to the others. The pipes may be 5 feet long, and should 
be inserted about 9 inches in the water with which the box is 
to be filled. The gas is admitted at the top of the first pipe 
and passes off at the top of the last pipe. The chest to receive 
the products of condensation to be connected with a tar-tank 
in the usual way. In estimating the size of the tar-tank, it is 
usual to calculate that each ton of coal produces from 100 to 
140 lbs. of tar, and from 10 to 13 imperial gallons of ammo- 
niacal liquor, and it is proper to have the tank large enough 
to hold about six weeks' production of tar and ammoniacal 
liquor. According to this calculation, a capacity of about 100 
cubic feet will be required for each ton of coal carbonized in 
twenty-four hours. 

Mr. Peckston gives the capacity of a tar-tank at 540 cubic 
feet for a small gas-work where twenty small D retorts are 
used in the winter months, the amount of coal carbonized at 
midwinter being about 5 tons ; and this size of tank agrees very 
nearly with that which would be determined by allowing 100 
cubic feet for each ton of coals. 

Where the system of cooling by radiation in air is adopted, 

it is very advisable in dry and warm weather to assist the 

-cooling by allowing small streams of ^atet to trickle down 
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on the outside of the condensing pipes : this is effected by 
having a cistern of water fixed oyer the pipes. The cooling 
effect of this water evaporating on the outside of the pipes is 
greater than if the latter were placed in water, owing to the 
great quantity of caloric which passes from a sensible to a 
latent state during the formation of vapour. The more rapidly 
the vapour is formed the greater will be the cooling effect, from 
which it follows that the effect will be greatest when the sun 
shines most powerfully, and that the condenser should always 
be exposed as much as possible to the direct rays of the sun. 

The mode of inserting the pipe conveying the tar and am- 
moniacal liquor from the condenser into the tar-tank, so as to 
seal up the pipe and prevent the escape of gas, has been 
already described. A similar connection must also be made 
between the hydraulic main and the tar-tank, into which a pipe 
having a slight inclination conveys the surplus tar and ammo- 
niacal liquor left by the gas in passing through the hydraulic 
main. It has been already explained that the hydraulic main 
is first filled about half full with water, but this is soon dis- 
placed by the products from the gas, and in time consists 
almost entirely of tar. In the tank both the tar and am- 
moniacal liquor are contained; they are not mixed together, 
however, because the ammoniacal liquor being of less specific 
gravity than the tar floats on the top. The heaviest and most 
valuable tar is always underneath. 

"When either of the liquids contained in the tar-tank is 
required, it is pumped out by means of a pump with a move- 
able suction-hose, which can be adjusted so as to have its orifice 
either in the ammoniacal liquor or in the lighter or heavy 
portion of the tar, by which contrivance either description of 
liquid can be pumped out as required. 

At some gas-works, both the tar and the ammoniacal liquor 
are sold, the usual price for tar being about Id. per gallon, and 
for ammoniacal liquor one farthing per gallon. 
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Estimates and Specifications for Condensers. 

The evidence taken in 1849 and 1850 before the Parlia- 
mentary Committees which sat on the Great Central Gas Con- 4 
sumers' Bill, affords some valuable information on the subject 
of prices and the general construction of large works. In 1849^. 
the project brought forward by Mr. Croll, the Engineer of the 
Company, contemplated an annual production of 368,000,000 
cubic feet of gas, and the estimate for condensers in a gas- 
work of this magnitude was £1237, exclusive of a concrete 
foundation, which would cost £5 or £ 6 more. 

Mr. Barlow, in his Report to the Directors of the City of 
London Gas Company, made no objection to this amount, and 
adopted it in his own estimate. This estimate is equal to 
•807^. per 1000 feet of gas per annum, or ^1-23 per 1000 
feet of average daily production. Me. Croll proposed to use 
for this condenser 128 pipes, each 9 feet in length and 18 in- 
ches diameter, to have a box at top and. bottom of condenser 
divided into partitions, so that the gas should pass alternately 
up one pipe and down another. The entire length of pipe for 
condensing which Mr. Croll calculates on, would.be 128 X 9= 
1152 running feet. This gives rather more than 1 foot for 
every 1000 feet of gas made in 24 hours ; the length required 
according to this calculation being 1008 feet. The following 
is a summary of Mr. Croll* s estimate, for this condenser : 

£. a* d. 
130 tons 13 cwt. 1 qr. 5 lbs. of cast iron, at £ 9. per ton . 1175 19 7 
3692 lbs. of wrought iron in bolts, &c, at Ad. . . » 61 10 8 

£1237 10 3 

In the following year, 1850, the first Bill having been 
thrown out in the Committee of the House of Commons, the 
promoters Brought forward a revised estimate for the construc- 
tion of works capable of producing 320 million feet of gas 
annually. They had in the mean time entered into contracts 
with Messrs. Rigby, the extensive builders, and the specifica- 
tions on which Messrs. Bigby's contracts were founded were 
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produced in evidence. I male no apology for quoting: thai 
Specification at length, aa it serves as an excellent model fa* 
works of magnitude.. 

VBRTIC4& COKDBlfSBlt. 

Condenser*. — To be two in number, constructed each of a 
bottom box 38 feet 2 inches long by 4 feet wide and 2 feet 
deep, inside measurement, with sixteen double rows of upright 
pipes in two 9-feet lengths, each' 18 inches in diameter; the 
whole connected at top to a box the same length and width as 
the bottom box, but only 1 foot 6 inches high, having an 
ornamental' front and ends, as shown in the drawings. 

The bottom and top boxes to be partitioned off, so that the 
gas may circulate through the pipes in rotation. 

The bottom box to be in eight lengths, and constructed 1 as 
follows : 

The bottom plates to be 4 feet 9 inches square, with a flange 
on two opposite ends 2} inches clear of the plate, with stiffen* 
ing brackets, and bolt-holes fl inches apart; the plate to* be 
Jths of an inch thick. 

The side plates to be 4 feet 9 inches by 2 feet, with a 2$» 
inch flange clear of the plate all round on the outside; and 
brackets with bolt-holes 6 inches apart, centre to centre'; a Bead 
to be cast on the outer surface. A flange 2$ inches broad to 
be cast up- the inside of this plate for the purpose of hotting 
partitions to. 

The top plates to be 4 feet 9 mcfresr square, with a flange on 
the outside on two opposite entfe, 2f inches clear of the plate; 
with brackets and bolt-holes 6 inches apart, centre to centre; 
four sockets, 5 inches deep each, to receive an 18-inch pipe; to 
be cast upon its upper surface, leaving an equal margin- all 
round the plate, their distance from* centre to centre being 
2 feet 5 inches^, sk fillets* to- be cast up each of these sockets. 

Dwmon plates, in the: under box to be fifteen in number* 
eight of them 4 fleet 2 inches long, bolted to the flanges* wteck 
are cast on the inside of the a&ie pVate*\ ^ tsHa«&DBBB% *«*«&> 



148 VERTICAL CONDENSER. 

to be 4 feet 9 inches ; the depth of these plates to be 2 feet in 
the centre and 1 foot 6 inches at each end, with a flange along 
the top H inch broad, without any bolt-holes. 

The end plates to be quite plain, extending to the outer * 
edge of the flanges of the top, bottom, and side plates, with 
bolt-holes to fit those in the box, having two cleaning holes, 
fitted lids, and bolts. 

Upright pipes, — The first length that fits into the top plates 
pf the bottom box to be spigot and socket pipes ; the next 
length, and which connects to the top box, to be spigot and 
flange pipes ; the whole to be 18 inches in diameter, cast 
upon end, and as thin as is consistent with proper security. 

Top box to be 37 feet 6 inches long, 4 feet 1 inch wide, in- 
side the projections, and 1 foot 4 inches high inside the top 
cover, which will be fixed 2 inches from the top of the side 
plates. The box to be partitioned off by a longitudinal parti- 
tion running the entire length of the box, and fifteen cross 
partitions bolted to it and to the side plates ; these partitions 
to be $ inch thick, all bolted together by £-inch bolts 6 inches 
asunder, centre to centre, through flanges 2 inches clear of the 
plate, jointed with iron cement ; the partitions to be 1 foot 
4 inches deep. The plates which form the box to be in eight 
lengths, each 4 feet 9 inches long. 

The bottom plate to be 4 feet 9 inches long by 4 feet 
fi inches wide, with flanges on two ends, standing 2\ inches 
clear of the plate looking down ; this plate to be fths thick, 
with four holes cast in it 2 feet 5 inches apart, centre to centre, it 
being understood that these holes shall fit the upright pipes, 
which are to be bolted to this plate by six J-inch bolts each. 

The front side plate to project, as shown on the plan, with 
side flanges 2\ inches clear of the plate looking to the inside, 
and a flange 2\ inches broad running horizontally at a level of 
2 inches from the top on the inside ; the flange at bottom, by 
which it will be bolted to the bottom plate, to stand on the out- 
side 2\ inches clear of the plate ; the bolt-holes in the whole 
of these flanges to be 6 inches asunder, centre to centre. 
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The back plate to be of the same length and height as the 
front plate, with all its flanges arranged in the same manner 
and of the same dimensions, having an additional flange cast 
up its centre 2 inches clear of the plate, for the purpose of 
bolting the short partitions to. 

The end plates to project similar to the front plates, having 
the projection returned on the corner, thereby forming the 
extreme ends of both front and back plates, and bolted to the 
side and bottom plates by inside flanges in the same manner 
as the side plates are ; a horizontal flange to run along the 
inside of each end plate, to bolt the ends of the top plate to, at 
the same level as the horizontal flange upon the inside of the 

side plates. 

The top plate to be in lengths corresponding with the 
bottom plate, and 4 feet 6 inches wide, \ inch thick, and 
bolted to the horizontal flange cast on the inside of the side 
plate, having four 12-inch holes cast in it 2 feet '5 inches, 
centre to centre, and lids to suit. This plate to have two 
flanges looking up, 2\ inches broad, one on each end, with 
bolt-holes 6 inches apart, centre to centre. 

Conclusion. — The whole of the above work to be of the best 
cast and wrought iron; the castings to be perfectly sound, 
smooth, and geometrically true ; the flanges in the bottom box 
to be made fast by f-inch bolts and nuts ; those in the upright 
pipes to be {-inch bolts, and those in the bottom of the top - 
box 4-inch bolts ; the remainder of the top box to be fastened 
by -£--inch bolts ; the whole of the joints to be made of clean 
iron cement firmly caulked in, and made perfectly gas-tight, 
and to the satisfaction of the Company's Engineer. 

HORIZONTAL CONDENSER. 

t 

This condenser to be constructed as follows: Thirty-two 
lengths of 18-inch pipe, each 9 feet long, cast as thin as they 
can be with proper security ; six of the above to h^ ^a&s^ «s^ 
socket pipes, and six of them to "be taxugb «x\& «^\$g& ^$k*-» 
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the remaining twenty to be ^common spigot and socket pipes ; 
five semi-flange %enda to <ocnraect the ends of the pipes, with 
a 'flange cleaning-branch east an, which wiffl he boKed to the 
ends 4if the water-tank in whieh the pipes will be placed ; 
this branch to be of the same diameter as the pipes. 

Two flange bends, ibrming the inlet and outlet, of the same 
diameter as the other pipes, to be connected to the bottom of 
the water-tank, their flanges <at ouch a height as will allow 
the under aide of the pipe to be 3 inches from the bottom of 
the tank. The whose mi the flange-joints to be made with 
nuU~boar4 and sad-lead weH screwed up, each with six 1-inch 
bolts ; the aackat-jaisjfca to -he ran wkh lead in the ordinary 
manner. 

The above pipes will rest in a tank 4>1 feet long x 16 feet 
wide x 4 feet 6 inches -deep, made of cast-iron plates, with a 
eaat-kon beam 17 &et long, 9 inches deep in the middle, and 
6 inches deep at each end, to be in section thus £ one below 
emery joining in the plates, or<eleven beams in all.; the ends of 
Hie tank to rest en the walls -of the house. 

The bottom plates to he {ribs, and those on the sides to he 
\ an inch in thickness, all firmly bolted together by $ bolts 
not more than $ inches apart, centre to centre; the flanges to 
be 2\ inches broad, clear of the plates, with proper strengthen* 
ing fillets, one between every two holes ; the joints to be made 
of good iron cement firmly caulked in. 

On one end of the tanks the end plates will each have an 
I84ach hole cast in them, and lid to suit, fastened on bj mill- 
board joints with six $4ach bolts. 

The holes in two of these plates will he at the same level, 
that level being so that the pipes which join on will have 
1 inch of rise from their other end, which is fastened to the 
bottom of the tank ; the hole in the remaining plate will be in 
the centre of its length and -3 inches higher than the hole on 
each side of it. 

Ob the other end of the tank there will be two holes, fitted 
fa #rery respect as the ones fist de&mtad, both at die same 
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level, that level being 1-$- inch below the highest hole in the 
opposite end ; the arrangement being that the whole of the pipes 
shall have a fall one-half to the inlet, the other to the outlet. 

Twenty- six stays of f- round rod to be bolted 1 foot from 
the top of the sides stretching across the tank, one to every 
joining in the plates. 

The whole to be gas and water tight, receiving two coats of 
red-lead oil-paint. 

HORIZONTAL CONDENSER. 

Cart Iron. 

tons. cwt. qm. &•. 

Tank 



18 


16 





12 


16 


8 


2 


20 


4 


8 


3 


26 



Pipes 
Supporting beams 



39 13 3 2 

Wrought iron. 

Bolts and stays ... 18 3 24 

TWO VERTICAL CONDENSERS. 

Cast Iron. 

tens. cwl. ^R. Ira* 

Bottom box .... 9 11 2 14 

Pipes 34 

Top box . . . . . 6 13 1 10 



50 4 3 24 

Wrought Iron. 

Bolts 11 3 11 

It will be seen from die preceding Specification that there 
were to be two vertical condensers, each with thirty-two lengths 
of 9-feet pipe, 18 inches diameter, and one horizontal con- 
denser, with thirty-two lengths of similar pipe, or in all, ninety- 
six lengths, or 864 lineal feet of pipe for a daily average 
production of 876,000 cube feet of gas, being somewhat less 
than 1 foot of pipe per thousand feet of gas. According to 
Messrs. Bigby's schedule of prices, the following would be the 
cost of the three condensers ; 
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£. 8. d. 

Cast iron, 89 tons 18 cwt. 2 qrs. 26 tbs., at £ 9. per ton . 809 8 7 
Wrought iron, in bolts and stays, 1 ton 10 cwt 3 qrs. 7 lbs., 

at4rf.perfc 57 10 4 

£866 18 11 
Or at the rate of 19*. 9d. per thousand feet of average daily 
production, 

THE EXHAUSTER. 

This is an apparatus which has been introduced into modern 
gas-works for the purpose of drawing off the gas and relieving 
the pressure in the retorts. The modern refinements insisted 
on with reference to the purity of the gas all contribute to 
increase this pressure, as every time the gas passes through a 
fluid of greater density than itself, a resistance is occasioned 
which adds to the pressure on the retorts, and this pressure 
at length becomes so great that means must be resorted to for 
diminishing it. In the first place, the contrivance of sealing 
the dip-pipes in the hydraulic main requires the gas to force 
its way through several inches of tar before it can escape from 
the retort, and this is the first resistance which it meets with. 
In many works where dry lime is used in the purifiers, the 
gas is passed through water in the wash-vessel, where the gas 
is again resisted, and the pressure of course increased. In the 
dry-lime purifiers and in the breeze condensers, or scrubber, it 
is not considered that any sensible resistance is opposed to the 
passage of the gas; but in some works, "both a washer and a 
series of wet-lime purifiers are used, in which the pressure 
becomes considerable, and an exhauster is found almost indis- 
pensable. The weight of the gas-holders also adds materially 
to the pressure of the gas in the retorts. 

About twelve years ago it was ascertained by Mr. Grafton, 
in the course of some experiments at Cambridge, that the car- 
bonaceous deposit in the retorts was due almost entirely to the 
pressure on the gas. Previously to this discovery, it was gene- 
rally considered by the most scientific authorities that the 
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deposit of carbon was due to high degrees of heat and too great 
an extent of heating surface. In addition to the injury of this 
deposit to the retorts themselves, causing them to burn out 
with great rapidity, and the expense of frequently removing 
the deposit, there is every reason to suspect that some of the 
very best constituents of the gas, namely, the volatile hydro- 
carburets, are decomposed and condensed in this deposit, and 
that the gas is thereby much impaired in quality. In addition 
to this the pressure causes an increase in the quantity of tar, 
an effect which never takes place except at the expense of the 
gas. Mr. Grafton conducted his experiments in such a way 
as to show very practically the truth of the conclusion he had 
arrived at. By increasing the pressure till it became equal to 
a column of 14 inches of water, he produced in a single week 
a deposit 1 inch in thickness, and at the expiration of two 
months it had filled up nearly one-fourth of the retort. During 
this experiment a deposit weighing 10 cwt. 24fbs. was pro- 
duced by the carbonization of sixty-seven tons of Wall's End 
coal. An experiment under entirely opposite conditions Was 
then made, all the pressure being taken off except that arising 
from half an inch dip into the fluid of the hydraulic main. 
Under these circumstances, when the retort was again worked 
with the same description of coal for four months, scarcely 
any deposit had taken place. 

The earliest form of machine used for taking off the pressure 
was a pump, on the principle of the Archimedean screw, which 
was used for pumping the gas from a higher to a lower level. 
The screw was so placed that the upper extremity of the axis 
was nearly on a level with the surface of a small reservoir of 
water. The screw revolves in an opposite direction to that re- 
quired for pumping up or raising liquids ; and at each revolu- 
tion the upper mouth of the helicoidal canal takes in a certain 
quantity of gas, after which follows the water. The gas 
descends along the spiral canal of the screw in proportion to 
the rate of revolution in the latter, and having teaahfcd. 1V&, 
lower end of the canal, passes off \vy *. YflgfcNfiSa. ^ *»rb®> ^ 
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pressure measured by tike height of the surface of the water 
above the lower extremity of the screw. 

Another kind of extractor, which does not require so rapid a 
movement as the Archimedean screw, consists of a circular 
drum with four divisions formed by curved plates proceeding 
from the centre to the circumference. The wheel revolves in 
a cistern filled with water to the height of three-fourths the 
diameter of the wheel, and each of the chambers, formed by 
the divisions spoken of, carries down below the surface of the 
water a certain portion of gas, which is delivered out of the 
drum into a pipe passing off at the level of the centre of the 
wheel. This pipe opens into a chamber containing water about 
an inch higher than the upper surface of the pipe, and the dif- 
ference of level between the water in the cistern and in the 
chamber which the gas now occupies indicates the difference of 
pressure. If the pressure be not sufficiently reduced by pass- 
ing the gas through one drum of this kind, it goes on to a se- 
cond or a third, till the required diminution has been attained. 

In some works the extractor is placed between the hydraulic 
main and the condenser, in which case the washer, if employed 
at all, is used after the purification by dry lime. In other 
works the extractor is employed after the purifiers, in which 
case the wash-vessel is frequently dispensed with, as the action 
of the extractor in passing the gas through water forms a sub- 
stitute for the action of the wash-vessel. 

Mr. Grafton has ako used his extractors for the purpose of 
purification by Hme instead of passing the gas through a sepa- 
rate vessel for this purpose. He places lime in the corners of 
the cistern in which the drum revolves, and relies on the revo- 
lution of the drum to keep up a sufficient agitation of the hme. 

In works where the whole of the purification is effected in 
the dry way, and where no wash-vessel is used, an exhauster is 
unnecessary. The gas at the works of the Western Company 
has seldom a pressure in the hydraulic main exceeding 6 inches. 
Here the whole of the purification is effected by dry materials, 
and an exhauster is not used. 
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Probably the most improved form of exhauster is that 
adopted by the Chartered Company at their Westminster Sta- 
tion. The gas is passed through a series of air-tight chambers, 
usually three in number, in each of which works a circular 
disk, on the same principle as the disk engine. By this con- 
trivance the gas is pumped, off as it were, and the pressure 
can be reduced to any amount required. It is impossible in a 
work of this kind without the aid of plates to give anything 
like a description of this exhausting machinery. An engine on 
the same principle was shown in the Great Exhibition by 
Messrs. Donkin, who erected the exhausting apparatus for the 
Chartered Company. 

I conclude the subject of pressure by observing, that it 
would be dangerous to remove all the pressure from the retorts, 
as in case of any accident atmospheric air might be introduced 
in such quantity as to form an explosive compound, from which 
very serious mischief might result. 

ON THE SCRUBBER OR BREEZE CONDENSER. 

This is used in some works to separate the ammonia instead 
of a wash-vessel, the gas passing from the radiating condenser 
into the scrubber or breeze condenser, then to the wet-lime 
purifier, and then to the-gas-holder ; or where dry lime is used, 
it is an improvement to pass it lastly through a wash-vessel 
between the purifier and the gas-holder. The breeze conden- 
ser consists of a series of trays or sieves composed of round 
iron rods or wires about -&ths of an inch in diameter, placed 
all in one direction for the convenience of cleaning and raking 
out the contents. These sieves are placed about 6 or 8 
inches apart, and the spaces between them nearly filled up with 
layers of coke-dust, cinders, or brick-dust, through which the 
gas ascends from the bottom and passes off at the top, deposit- 
ing its ammonia in its progress. The contrivances for sealing 
the top of the scrubber by a water-joint, and also sealing tfc^. 
delivery-pipe so that the escape oi gp& \& \xttgfcs«&$s&< fc w^/Ska 
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parts so sealed can be easily removed, are similar to those 
which will be described for the lime purifiers. 

ON THE PURIFICATION OF GAS FROM AMMONIA. 

I have already alluded to the wash-vessel as a contrivance for 
separating ammonia, and to the breeze condenser which is used 
in some works for the same purpose. When both these modes 
of purification are adopted, the separation of ammonia is tole- 
rably perfect ; but of course the ammonia is entirely lost, and 
the separated products have no commercial value whatever. 
When the breeze condenser alone is used, the gas is not entirely 
freed from essential oils, but the whole of the defiant gas is 
also retained, so that it has been contended that the presence of 
the defiant gas more than counterbalances the injury done by 
the other slight impurities. When a wash-vessel is used either 
with or without the breeze condenser, the essential oil is sepa- 
rated together with ammonia, and if used before the lime 
purifiers, a portion of sulphuretted hydrogen and carbonic acid 
gas is also separated. It is also probable that some of the de- 
fiant gas and other heavy carburets are at the same time 
absorbed by the water. As this would much impair the 
quality of the gas, the use of the wash-vessel is sometimes 
dispensed with, and the breeze condenser alone relied on for 
the purification from ammonia. • 

MR. CROLL'S PROCESS FOR SEPARATING AMMONIA BY 
PASSING THE GAS THROUGH SULPHURIC ACID, OR 
THROUGH A METALLIC SOLUTION. 

This process having within the last few years been brought 
prominently before the notice of the public, and being now 
adopted on an extensive scale at the large works of the Great 
Central Gas Consumers' Company at Bow Common, I have 
thought that some account of the method pursued will be 
interesting. 

Mr. Croll's patent is for separating ammonia between the 
condenser and the purifiers. 
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He effects this by means of chloride of manganese used in 
separating vessels. Ammonia diminishes the illuminating 
power of the- gas, and also corrodes and destroys the meters 
and fittings. It acts more especially on brass-work, forming 
an ammoniurate of copper, which gives a blue tinge to water, 
and is always found in Water-meters through which gas has 
passed for a considerable time. By the use of chloride of 
manganese, Mr. Croll also expects to separate a considerable 
part of the sulphuret of carbon, which will combine with the 
manganese, and prevent that close disagreeable effect which is 
frequently complained of in burning gas which has not been 
purified by a metallic salt. 

Mr. Croll further calculates by using chloride of manganese 
to save one-half or one-third of the lime otherwise required for 
purification, and at the same time to procure a valuable pro- 
duction in the shape of chloride of ammonium or sal ammoniac. 

It appears that the object of separating ammonia between 
the condenser and the purifier can also be effected by passing 
the gas through vessels containing dilute sulphuric acid, which 
vessels may be made either of wood or iron, but must be lined 
with lead. This process was first proposed by M. Darcet in 
1816, and is said to be highly successful in separating sul- 
phate of ammonia, which is an article readily disposed of. 
Mr. Croll' s method of purification is now extensively practised 
at the Central Gas Consumers' Works and also by the 
Imperial Gas Company, who have bought a licence to use the 
process. 

Mr. Croll states that the ammoniacal salts present in 
gas are the hydrosulphuret of ammonia and the cyanuret 
of ammonia. In the condenser a considerable quantity of 
the hydrosulphuret of ammonia is removed, but a large 
proportion of ammonia still remains, and, notwithstanding 
the ordinary modes of purification, passes into the mains, 
to the great destruction of the meter and gas fittings. The 
ammoniacal liquor is commonly sold to manufacturing chemists^ 
who procure about 14 ounces of sriVfitato <& toec^t^ Sass^ ^ 
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gallon of the liquor. This salt of ammonia is prepared by 
adding sulphuric acid in excess to the ammoniac*! liquor, and 
purifying the crystals obtained on evaporation. Chloride of 
ammonium or sal ammoniac, lrhich was formerly procured 
from the camels' dang of Egypt and Syria, is also now largely 
manufactured from ammoniacal liqubr. This salt is prepared 
by adding hydrochloric acid in excess ; the mixture is then 
evaporated to dryness, and the salt carefully heated, to expel 
or decompose the tarry matter in the liquor. It is then puri- 
fied by sublimation in large iron vessels lined with clay and 
surmounted with domes of lead. It is singular that the 
method of purifying gas which has lately been patented by 
Mr. Croll was proposed by M. Darcet, a Frenchman, as long 
ago as 1816. He proposed to use a leaden vessel, containing 
either diluted sulphuric acid, or a solution of iron or lime in 
sulphuric acid. M. Darcet anticipated from this method a 
much better effect than from passing the gas through a simple 
sheet of water, besides which he attached considerable im- 
portance to the new product, sulphate of ammonia, which 
forms so prominent a feature in Mr. Croll's patent. 

Another great advantage of the process is, that dry lime 
may be used for the purifiers. The objection to purification 
by wet lime is, that considerable pressure on the retorts is 
requisite to force the gas through the fluid lime. The con- 
sequence of thiB is that the retorts are much injured by an 
incrustation of carbon, and that considerable power is required 
for exhaustion and for agitating the liquid lime. 

The wet lime purifies the gas from sulphuretted hydrogen 
and carbonic acid ; it also retains some portion of the hydro- 
sulphurets and other salts of ammonia, but allows a con- 
siderable quantity of ammonia still to pass off with the gas. 
Generally in the country the dry-lime purifiers are used ; but 
these are found to be highly objectionable and offensive in 
towns, owing to the volatility of the hydrosulphuret of ammo- 
nia, which does not chemically combine with the lime, but is 
merely held in mechanical combination. Also when the dry- 
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lime purifier is opened and exposed to the air, a union takes 
place between the hydrosulphuret of lime formed in the puri- 
fier and the oxygen of the atmosphere. By this union, sul- 
phate of lime is formed, and considerable heat is evolved, 
which renders the sulphuret of ammonia still more volatile and 
occasions a most insufferable stench, which is besides highly 
injurious to animal life. These inconveniences have led to the 
adoption of wet-lime purifiers at most of the large works, 
although Mr. Clegg and nearly all the authorities in gas engi- 
neering give a decided preference to the dry lime. By Mr. 
Croll's separate process for abstracting the ammonia between 
the condenser and the purifier, no objection whatever remains 
against the use of dry lime, and accordingly it may generally 
be used where this process is adopted. 

Mr. CrolPs method of purifying the gas from ammonia may 
be effected either with the chloride and sulphate of manga- 
nese, with the chloride and sulphate of zinc, or by means of 
diluted sulphuric acid contained in vessels lined with lead, in 
order to resist the action of the acid. 

The vessel used is generally circular in form, about 10 feet 
in diameter and 3 feet deep. The bottom of this vessel is 
formed by a circle with wooden ribs or radiating bars 8 or 10 
inches in depth : this wooden circle completely occupies the 
bottom, and supports a leaden plate 10 inches less in diameter 
than the vessel, so that a space of 5 inches is left all round it. 
Diluted sulphuric acid consisting of 2\ fbs. of acid (Dr. Ure 
says 7 lbs.) to 100 gallons of water are then poured into the 
vessel up to the height of the leaden plate. The gas to be pu- 
rified is brought to the vessel by a pipe which passes through 
the leaden plate and dips into the acid solution, the divisions 
by which the plate is supported completely separating and sub- 
dividing the gas so as to bring each portion of it in contact 
with the dilute acid. As the acid becomes neutralized in a 
short time, a regular supply of it is kept up by means of a 
small reservoir placed outside, from which the acid is «&&«*&. 
to drop or trickle into a funnel, and cqtn^s&As^ *.«BM2&A^&fc 
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meter, a specific gravity of 1170, which 1b nearly the point of 
crystallization. The supply of acid is then discontinued, the 
liquor retained in the vessel, and the gas again passed through 
until the solntion becomes neutral, when it is drawn off and 
evaporated, and yields a pure sulphate of ammonia. 

In large works it is preferable to use two vessels for sepa- 
rating the ammonia, in order to insure with more certainty 
the entire abstraction of all the ammonia, since the gas pass- 
ing twice through the dilute acid will be better purified than 
if only treated in one vessel, where there may have been an 
accidental or temporary deficiency of acid. Two vessels of 
the size here described, namely, 10 feet diameter and 3 feet 
deep, will purify 500,000 feet of gas in twenty-four hours, 
and will require to be charged with the acid solution once in 
two days. 

Fig. 53. 




Figs. 52 and 53 show the arrangement made use of by Mr. 
Croll for purifying the gas. Fig. Mi» we&oo. <&"&& -wsis&ss. 
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each 10 feet diameter and 3 feet deep. « is the inlet-pipe, 
passing nearly to the bottom of the vessel ; b is ike circular 
purifying vessel, fined with lead, in order to -withstand the 
action of the acid: the bottom of this vessel is composed of a 
series of radiating plates of wood, shown in fig. 53, standing 
about 8 or 10 inches above the bottom. On the top of these 
radiating bars of wood rests the leaden dash-plate, as already 
described, c is the pipe leading from one purifying vessel to 
the other, and d is the pipe by which the gas makes its exit; 
ee are the pipes provided with funnels, by which the sulphuric 
acid is added ; // are the pipes for the supply of water, and 
gg are the pipes by which the liquid sulphite of ammonia is 
drawn off. 

The neutral liquor drawn off from the vessels yields on 
evaporation 80 ounces of sulphate of ammonia per gallon, 
instead of the 14 ounces per gallon yielded by the ammo- 
niacal liquor separated in the condenser. It is anticipated 
that the adoption of Mr. CroU's method of separating am- 
monia from the gas before it reaches the lime purifiers will 
enable all Gas Companies to return to the use of dry-lime 
purifiers. When there are no longer any volatile salts of 
ammonia in the dry-lime purifier, the noxious effluvia so much 
complained of in the neighbourhood of gas-works, and so 
injurious to the health of the workmen, will be no longer 
experienced. Mr. Croll states that since the introduction of 
this method by several of the large London Companies, the 
dry-lime purifiers have again been made use of without any 
inconvenience or complaints whatever. The products now 
separated by the dry-lime purifier are all salts of lime, which 
are by no means volatile, and are at the same time highly 
valuable for agricultural purposes. 

This description of the purifying process is taken from 
a paper by Mr. Croll, read before the Institution of Civil En- 
gineers some years ago. At that time diluted sulphuric acid 
appears to have been the contemplated purifying medium. 
The patent, iowever, also included the use or substitution 
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of metallic solution*. In point of fact the material now used 
by the Imperial Gas Company k muriate of manganese, a 
pseduet of -no gneat Tnhie derived in the manufacture of chlo- 
ride of lime oar bleaching powder. The muriate (or, more car- 
reesly speaking, the chloride) of manganese is dissolved in 
water, and used an Teasels similar to these just described, or it 
may be used ia ordinary wet&me purifiers. It requires to be 
renewed every two or three days, according to the quantity of 
gas passed through it. I am informed that Mr. Croll is also 
using chloride of manganese in solution at the Bow €oaexmon 
Works. 

it is said that a groat saving of expense from the use of 
dry lime has been effected by *H those Companies who have 
adopted Mr. droll's process. A great natation has also been 
made in the expense of repairing meters and public street 
lamps. In addition to these advantages, it is said the illumi- 
nating power of the gas is increased £ per cent., while its 
freedom from ammonia renders the gas perfectly fit for use 
even in bed-rooms and the most elegant drawing-rooms, where 
it was formerly objected to on account of its injurious effects 
on gilding and metallic surfaces. 

An impression has been entertained by agriculturists that 
in consequence of the abstraction of ammonia before the gas 
enters the dry-lime purifier, the waste or spent Hme will be 
deprived of much of its useful effect, hitherto supposed to be 
due to die presence of ammonia. Mr. Croll, however, contends 
that the refuse dry lime as at present sold by the Gas Com- 
panies consists merely of sulphate, carbonate, and cyanuret of 
lime, all the astaaonia being lost by volatilization long before 
the lime can possibly be delivered from the works ; hence he 
believes that the refuse lime will possess precisely the same 
valuable properties as a fertilizer, while the noxious exhala- 
tions which accompanied the escape of ammonia on the 
opening of the purifiers will be entirely avoided. 

Hie saturated liquor drawn from Mr. CrolTs purifvin% 
vessels after being evaporated leaves «oX$a»te. t£ ra^tsaskHs^ 
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great purity, the quantity of ammonia being equal to* 30 parts 
in 100. The fertilizing power of this sulphate is very con- 
siderable, and has been attested by numerous agriculturists. 
It is said, when used as a top dressing on grass lands, to have 
added half a ton of hay per acre to the produce, and in wheat 
crops to hare increased the weight of the wheat so much as 
to add considerably to its selling ^>rice. About 1 cwt. per 
acre is said to be a profitable dressing either for wheat or 
grass land. The manufacture of sulphate of ammonia at the 
various gas-works is likely to become of considerable import- 
ance: many tons are already produced weekly from those 
works where the process is introduced. When an increased 
production of this valuable article takes place also, the agri- 
culturist will be further benefited by a reduction of price, as 
in the case of sal ammoniac and carbonate of ammonia, the 
price of which was formerly 3*. per pound, while, since the 
increase of gas-lighting, and the consequent production in 
large quantities of ammoniacal liquor, a superior quality of 
sal ammoniac is sold for 6d. a pound. 

ON PURIFICATION BY MEANS OF LIME. 

It is remarkable that the two principal authors on gas- 
lighting in this country agree in condemning the use of wet- 
lime purifiers for large towns, on account of the nuisance 
occasioned, and the difficulty of getting rid of the spent lime- 
water. It seems to be agreed on all sides that dry lime is 
preferable where it can be used, as it causes much less pres- 
sure on the retorts, and renders an engine unnecessary, except 
in large works where there is other employment for it. It 
has been found, however, owing to the causes already 
explained, that the dry-lime purifiers give out such offensive 
effluvia that most of the London Gas Companies have been 
obliged to abandon them and adopt wet lime. It remains to be 
seen whether the complete separation of ammonia effected by 
Mr. Croll's process before the lime purification will again lead 
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to the general establishment of dry-lime purifiers. Before pro- 
ceeding to describe the vessels used for purification by lime, it 
should be explained that by dry lime is meant, not quick-lime 
absolutely unmixed with water, but quick -lime with just suffi- 
cient water added to slack the lime and reduce it to powder, 
in which condition it is chemically called hydrate df lime : in 
this state the hydrate is spread on the sieves of the purifier. 
By wet lime is understood a fluid mixture made by adding 
water to slacked lime in the proportion of 24 gallons of water 
to 1 bushel of lime, the mixture having almost the consistency 
of cream, and being termed by the French ' milk of lime.' It 
should be observed, that lime when slacked will occupy about 
double the bulk of the quick-lime ; so that if the lime be 
measured before slacking, the proportion of water will be 48 
gallons to every bushel of unslacked or quick-lime. 

DRY-LIME PURIFIERS. 

In Mr. Clegg's excellent work on gas, there is a plate 
explanatory of the construction of dry-lime purifiers, in which 
one purifier out of a set of three is shown in detail, the gas 
passing from one purifier to the other. The purifier consists 
of a square iron box 6 feet long by 5 feet wide and 3 feet deep : 
the inlet-pipe from the wash-vessel is 8 inches inside diameter, 
and enters at the bottom of the purifier ; a few inches above 
the mouth of the inlet-pipe is fixed a plate about 2 feet square, 
which serves the purpose of distributing the gas and pre- 
venting any of the lime from falling into the inlet-pipe. The 
purifier contains three tiers of trays or sieves placed. 6 or 8 
inches apart, and resting on snuggs cast on the inside of the 
purifier : each tier contains four trays, each tray being about 
2 feet 8 inches X 2 feet 4 inches, so that one purifier contains 
in all twelve trays or sieves, the bottom of each being com- 
posed of round rods -fa inch diameter placed about •§• an 
inch apart. The top of the purifier is an inverted box 6 feet 
by 5 feet, and with sides and ends 10 inches deep, fitting into 
a water-lute 12 inches deep, so tliat tXte ^&&S& ^^ssg&Ns^ ^ 
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seal of at least 10 inches in depth of water; the outlet-pipe 
passing out of the lid of the purifier is 8 inches inside diameter,, 
and is made in the form of a semicircle whose inside diameter 
is 2 feet : the other end. of the semicircle joins another pipe> 
which is fixed. Each end of the semicircular outlet-pipe dips 
into an annular space containing. 10 or 12 inches in depth of 
water, so as to form a water-seal similar to that described for 
the cover of the purifier. These water-joints ghre the utmost 
facilities for removing the semicircular pipe and the cover of 
the purifier whenever required for the purpose of cleaning out 
or otherwise, without breaking any solid joint or doing injury 
to any part of the machine. Mr. Clegg states that two bushels 
of the hydrate of lime will spread over a surface of sieve 
equal to 25 square feet, with a depth of 2£ inches, which in 
practice is found about the best thickness; and that this 
quantity, which is equal to one bushel of quick-lime, will in 
some places purify 10,000 cubic feet of gas, while in other 
places double the quantity of lime will be required. 

The purifier here described by Mr. Clegg is rectangular in 
form, but circular ones are equally common ; they are seldom 
made more than 3 or 4 feet in depth, on account of the extra 
labour required in deep purifiers for shifting and replacing the 
trays. 

In most of the French gas-works- the hydrate of lime ia 
placed on beds of moss which are first spread on the trays, or 
the latter contain alternately a layer of moss and a layer of 
lime. The use of the moss is to subdivide the gas into the 
thinnest possible sheets and streams, so that every particle of 
it may be brought into contact with the lime. 

The purifiers generally used in the French gas-works are 
from 3< to 4£ feet in depth, and they are generally made cir- 
cular, from 4 to 8 feet in diameter, according to the size of the 
works ; in these are placed three or four trays* which contain 
layers of lime and moss. When the lime ia spread upon moss* it 
is usual to> employ rather less than a bushel of lime per square 
yard of purifier. In most of the French works the quantity 
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of lime used for purification is at the rate of about 2\ 
per ton of coals, which yield on an average less than 7900 
cubic feet of gas per ton. Tht usual calculation with them is 
that a purifier with an area of one square metre or 10} feet m 
required for every 10 hectolitres (28001m.) of coal distilled. 
This proportion is nearly at the rate of I square yard of purifier 
for each ton of coal distilled. The calculation is made on the 
quantity of coal distilled in twenty-four hours, this being; the 
interval at which the Iraae in the purifiers requires- to be 
renewed. 

It is also made- on tbe supposition that the purifiers contain 
three layers of lime, so that the proportion becomes 3 square 
yards of screen containing lime for every ton of coal distsUsd 
in twenty-four hours. The cover of the purifier is- made of 
fight boiler-plate provided with a border or rim which caps 
into a ring surrounding the purifier, and filled with water, se- 
as to make a perfectly hydraulic joint. The cover is also 
fitted with handles, by means of which it can be removed 
when the lime .reqmses* 
to be renewed. The an- 
nexed fig. 54 is the sec- 
tion of a dry-Kme purifier 
in its most simple state. 
am a a are the trays or 
sieves containing the 
hme; hh \» the circular 
ring containing water for 
the border of the cover to 
fit into; e is the miet- 
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pipe passing through the . ^ . — 

bottom of the purifier, V\ 

and d is the outlet-pipe 

passing through the cover, and sealed by dipping into a rim 

of water in the same manner as the cover itself: 

Another form of dry-lime purifier is frequently used, namely 
a rectangle whose length is equal to Wvc»\\»\r«M^,^t®bl^ 
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division fixed across it in the middle, so that the gas first 
passes up through the sieves on one side of the division and 
then down through those on the other side. The outlet-pipe 
in this case passes off from the bottom without the water seal, 
which is necessary when it goes off from the moveable cover. 
The advantage of using more than one purifier is that the 
lime requires renewal less frequently, and the purification is 
more perfect, by passing the gas first through the most foul 
purifier and then into the one which contains the freshest 
lime. All gas-works, however small, should contain at least 
two purifiers ; and few, however large, contain more than 
three dry-lime purifiers in a set, there being in the case of 
large works two sets with three purifiers in each, so that the 
gas can be passed through one set while the trays are being 
changed in the other. Another plan is where four purifying 
vessels are used, three being worked at one time, while the 
fourth is being prepared and filled with fresh lime ready to 
take its turn. 

There is probably no part of the gas manufacture where 
greater ingenuity has been displayed than in the contrivances 
for changing the gas from one purifier to another. The 
beautiful modification of the hydraulic valve, by which the 
gas is collected at its first entry into the purifying machinery 
and made to traverse certain pipes and perform long evolu- 
tions, and at last is discharged in a state of almost perfect 
purity to take its place in the gas-holder, must ever command 
the most cordial admiration. 

To Mr. Malam, whose name is identified to a great extent 
with the progress of gas-lighting, we are indebted for a descrip- 
tion of purifier which has been adopted in a great number of 
large works, where it is used at the present day. 

This purifier consists of a central valve and cover, and four 
separate vessels placed at equal distances around it, with con- 
trivances for working the gas through three of the purifiers in 
succession, while the fourth is being prepared for use. The 
purifier about to be described is calculated for a gas-works 
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where the maximum quantity required to be passed through in 
twenty-four hours does not exceed 200,000 cube feet of gas. 
In larger works than this it is advisable to have several sets of 
purifiers instead of enlarging the size of the vessels. In the 
annexed wood-cut, fig. SS, e is the outer case of the central 

Kg.5S. 




valve, being a cylinder cither of cast or wrought iron, about 
4 feet 6 inches diameter and 3 feet deep ; it is supported on 
piers of brick-work 2 feet high, and the bottom is perforated 
with ten round holes to receive the ends of as many pipes 
leading to and from the four purifiers and also the main inlet 
and outlet pipes, a, b, c, d, represent the four purifiers, which 
are each 5 feet square and 3 feet 6 inches deep, supported on 
brick piers 1 foot high. Each purifier contains seven layers 
of lime, each layer supported on four trays or sieves about 
2 feet 4 inches square. The sieves are either made of strong 
■fa wires placed fths of an inch apart, ot wft rart. ^is&ra. iossas. 
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fths of an inch' in thickness, with open slits £th of an inch 
wide and £th of an inch apart. 

The pipes marked 1, 3, 5, and 7 are the inlet-pipes, which 
admit the gas from the case e to the under side of the purifiers. 
The pipes marked 2, 4, 6, and 8 are the outlet-pipes, which 
convey the gas from the purifiers hack to the case after it has 
passed upwards through all the layers and descended at the 
hack of the plate, fg, to the bottom of the purifier, where the 
outlet-pipes are attached, a is the main inlet-pipe, which con- 
veys the *gas from the washer or the condenser, as the case 
may he, and b is the main outlet-pipe, which takes the gas off 
to the gas-holder. Each of the purifiers, a, b, c, j>, has a 
coyer or lid, with sides and ends 10 inches deep, and these fit 
into a groove formed all round each of the purifiers, and filled 
with water so as completely to seal up each of these vessels 
and prevent the escape of gas. The cylinder e has a peculiar 
cover, which is of less diameter than e, and fits inside it in 
such a manner as to open a communication between the pipe a 
and either of the four inlet-pipes 1, 3, 5, or 7, and at the 
same time to open a communication between one of the outlet- 
pipes and the pipe b which takes off the purified gas. 

The vessel e is filled with water to the depth of 10 inches, 
and each of the ten pipes passes up through the bottom 
to the depth of 12 inches, so that the mouth of each is 
2 inches above the surface of the water. The cover which 
fits into e is in some cases a casting, .and in others is 
made of plate-iron. It is a cylinder 4 feet 3 inches in 
diameter, furnished with a top but Kj » 55 

no bottom. The cylinder, the under- 
side of which is shown in fig. 56, is 
divided into five partitions, a, b,c,d, 
and e ; the first of which, a, fits over 
the inlet-pipe a in fig. 55, and either 
of the inlet-pipes leading to the puri- 
fiers. The partitions ft, c, and d each 
fit over an inlet and an outlet pipe, 
each partition opening the coinmuni- 
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cation between a pair of pipes ; and the fifth partition, e, 
fits over one outlet-pipe from one purifier and over the pipe 
6 leading to the gas-holder. The woodVeut, fig. 56, is a plan 
showing the under side of the frame or cover which fits inte 
the case e. Fig. 55 shows the frame in such a position as 
to open a communication between the inlet-pipe a and purifier 
a, and I now propose to trace the progress of the gas from 
its inlet at a till it passes out to the gas-holder. The gas 
then having arrived in the centre of the case e, fills up the 
space between the water in e and the cover of the interior 
frame, and has no means of escape except by passing down 
the pipe 1, which leads into purifier A, arrived in which it 
ascends up through the layers of lime and passes over the top 
of the dividing plate fg> and down again on the other side to 
the bottom of the purifier, when it returns by pipe 2 to the 
case e. Here it has no means of escape except by the pipe 3, 
which it accordingly enters, and arrives at the under side of 
purifier b, which it traverses in the same manner as a, and 
again returns by pipe 4. The only communication open in 
the case being that between pipes 4 and 5, the gas proceeds to 
purifier c and returns by "pipe 6, which is shut off from com- 
munication with every pipe except b 9 which the gas accord- 
ingly enters and proceeds to the gas-holder. 

It will be observed that only three purifiers have been 
worked, — the fourth, d> having been under preparation until 
required. In order to ascertain when it is time to shift the 
frame so as throw purifier a out of use and bring d in, the gas 
is tested at the last purifier, and if found to possess any sign 
of impurity the frame is shifted so as to bring the triangular 
division « in fig. 56 over pipe 3 in fig. 55. This arrangement 
will cause b, c, and d to be the three working purifiers, and a 
to be the one undergoing renewal in ^readiness for its next 
turn. When purifier b is made the first in order, the commu- 
nication is open between pipe 8 and the gas-holder ; when c is 
the first purifier, then pipe 2 is placed in communication with 
the gas-holder ; and whemnia tiae 6iAmwkt>^ V«w&* 
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nranicates with the gas-holder. A little consideration will 
show how bj the simple shifting of thexframe round its centre 
in succession over each of the four outlet-pipes, each one of 
the four purifiers is brought into action one after the other, 
and how the pipe successively communicating with the gas- 
holder is changed in a corresponding manner. The frame is 
lifted very simply by means of an upright shaft attached to 
the top of it ; this shaft has a screw cut upon it which works 
the frame up by turning round a lever with a corresponding 
thread. A simple contrivance shows in what position the 
triangular partition is placed, and a few minutes suffice to 
change the communication from one purifier to another as 
described. 

The preceding account of Malam's purifier is chiefly con- 
densed from Mr. Peckston's Treatise. 

Mr. Clegg introduces in his work a dry-lime purifier with a 
somewhat different arrangement of the purifying vessels and 
of the hydraulic case, but the principle is much the same as 
already described. Mr. Clegg* s arrangement consists of two 
sets of purifiers, three in each set. The two sets are about 
10 feet apart, ranged parallel to each other, the vessels them- 
selves being 3 feet apart. The gas does not in this arrange- 
ment return from each purifying vessel to*the hydraulic case, 
but passes on through each of the three purifiers before it 
returns. Hence the hydraulic case has only six pipes opening 
into it, namely, the inlet-pipe from the wash-vessel, the outlet- 
pipe to the gas-holder, and one inlet and one outlet pipe from 
each set of purifiers ; there is also more simplicity in the 
working of the dividing frame. The hydraulic case has no 
top, and the frame is merely a light plate-iron cylinder divided 
into three equal parts by three plates radiating from the centre, 
and forming angles o£l20° with each other. The dividing 
frame is only required to be placed in two positions ; namely, 
1st, to open the communication between the main inlet-pipe 
and one set of purifiers, at the same time opening the com- 
manication between the return-pipe of the same set and the 
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pipe leading to the gas-holder; and in the 2nd position, shutting 
off all the last-named communications, and opening corre- 
sponding ones with the other set of purifiers. The purifiers 
are generally changed every twenty-four hours, and at the 
instant of turning the; dividing frame all the communications 
are open, so that the gas will pass through both purifiers. 
When the gas is. changed from one set of purifiers to the 
other, the covers of. the first' set are taken off and all the 
sieves removed; the sieves from the last purifier are then 
placed in the first: the lime ftom the first purifier is quite 
exhausted, and must either be put aside for ridfe?* ^ have the 
sulphur sublimed if this method be practised. The 'second 
and third purifiers must be filled with fresh lime, and the 
covers replaced, while the lime from the second purifier may 
be spread on the ground, where room can be afforded for the 
purpose, and in a week or two will be fit for use in the first 
purifier. 

The lime for chwgfrg the purifiers should be thoroughly 
slacked and sifted, to prevent any lumps being used, as no 
part of the lime is of any use unless reduced to the state of 
powder. The lime should be spread in a bed or layer about 
2\ or 3 inches in depth, and should be of such' consistency as 
not to adhere to or discolour the hand. At some works it is 
the practice to sprinkle each bed of lime with water from a 
watering-can, so as to increase the degree of moisture. 

COST OF PURIFICATION BY DRY LIME. 

At the Imperial Gas -Works in London, 1 bushel of quick- 
lime, which costs 7d., purifies 10,000 cubic feet of gas. At 
Cheltenham 1£ bushel of lime, costing 5d. to 6d. per bushel, 
is required to purify 1 0,000 cubic feet of gas. At Birmingham, 
where lias lime is used, the purification by dry lime costs for 
lime and labour \%d. to 1 \d. per thousand feet, without making 
any deduction for the sale of the refuse lime, which is sold for 
two-thirds of its original cost ; and at CYxfestoet* -qfastfc *&<& <a&« 
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boniferous fime of the Flintshire coal-field is teed, 1 T cwt. is 
required to purify 10,000 cubic feet: the price of ibis lime is 
13#. Ad. per ton, so that the purification of 10,000 feet costs 
It. for lime alone.* 

In some works the refuse lime is soli for agricultural 
purposes, being much used in the formation of compost heaps, 
and occasionally applied as a top dressing. It is very useful 
as a foundation or substratum for gravel walks, as it prevents 
the worms from coming op and disfiguring the walks by 
heaping up those little spiral arils of earth so distasteful to 
the gardener. 

In other works where the spent fime is unsaleable, the 
sulphur is driven off from the lime by placing it in an old 
worn-out retort, which is heated to a red heat with breeze 
and cinders. The sulphur thus produced was at one time a 
marketable commodity, and during the sulphur monopoly 
probably yielded a small profit on the expense of manufacture : 
the profit at the present day is somewhat questionable. 

Mr. Croll estimates the expense of lime at £383. 6*. 8d. 
for the purification of 368 million cube feet, or at the rate of 
\d. per thousand feet Mr. Barlow makes the cost consider- 
ably more ; he estimates that to purify this quantity of gas in 

die wet way, 

£. «. d. 

817 cube yards of lime would be required, costing 510 2 6 

Removal of refuse lime 204 5 



.£714 7 6 

or at the rate of *46c?. per thousand feet ; in addition to which 
he estimates the labour of working the purifiers at £ 374. 10*., 
which would increase the whole cost of purification to nearly 
\d. per thousand feet of gas made. In estimating the capacity 
of dry-lime purifiers, assuming that 25 square feet of surface 
are required for 10,000 feet of gas, it is evident that where a 
set of four purifiers is used, the three which are actually 
always at work should hare a surface equal to the purification 

* Oegg's Treatise on Cto& Ot w, \fc4\ . 
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of the maximum quantity of gas produced in twenty-four hours. 
Also where a doable set of three purifiers is used, each set 
of three must hare a superficial area capable of purifying the 
maximum production. Thus, if we represent in cubic feet 
the maximum production of gas in twenty-four hours by j>, 
and call a the total area required for its purification, we have 
these equations : 

tm 406 8«0i and •*■— • tu 
As three purifiers are used in each case, ~r *= area of each 



purifier; if three layers of lime be used, 3^5= area of each layer ; 

if five layers, ^ = area of each layer ; and if seven layers, 

^= area of each layer. These simple equations wffl of 

course have to be adjusted according to the quality of the 
lime, which will sometimes require to be used in greater 
quantity than a bushel for 10,000 feet, and a greater extent of 
surface than 25 feet may sometimes be necessary to effect the 
purification. 



PURIFICATION BY WET LIME. 

In this process the lime, after being slacked, is mixed with 
water in the proportion of 48 gallons of the latter to 1 bushel 
of quick-lime or 2 bushels of the hydrate : it is necessary to 
mix the lime and water together in a separate vessel, because 
the fluid lime must be introduced into the purifier in a pre- 
pared state ; hence the mixing is commonly effected in a large 
brick or iron cistern placed at a higher level than the purifiers. 
In the centre of the cistern is fixed an iron shaft carrying at 
its lower end a stirrer or agitator, something like the con- 
trivance used in the mash-tubs of the great breweries : this 
constant agitation is necessary in order to keep the lime in 
mechanical suspension in the water, as the latter does not 
dissolve the lime nor combine chemically m^kSk. '^Ja&xw*- 
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kition of the stirrer is effected by the steam engine now used 
in most gas-works, — a bevelled wheel on the upright shaft 
gearing into a similar wheel on a horizontal shaft driven by 
the engine. 

In large works it is usual to have two sets of wet-lime 
purifiers, two purifiers in each set ; these are sometimes placed 
one over the other when economy of space is an object, and at 
other times are placed side by side : they should always, how- 
ever, be placed at different levels, as in working them it is 
usual to empty the contents of one purifier into another. 

The wet-lime purifier consists of a cast-iron cylinder entirely 
closed at top and bottom, except where the inlet and outlet 
pipes join it, and where an opening is required for charging it 
with lime-water, which same opening is also used for drawing 
off the charge. To the inside of the cover of this outer 
cylinder is bolted an inlet cylinder usually made of wrought- 
iron plate, either 3 or .4 feet in diameter. This inlet cylinder 
has no bottom, and reaches, to within a foot from the. bottom 
of: the outer cylinder, but has bolted to its bottom flange a 
wide ring or dash plate of sheet-iron, whose outer diameter is 
only 8 or 9 inches less than that of the outer cylinder, so that 
a space of only 4 or 5 inches is left between the outside of the 
ring and the interior of the large cylinder. These particulars 
will be more fully understood from the wood-cut, fig. 57, to 
which reference is now made, a is the outer cylinder and b 
the inlet cylinder; into which the pipe c opens to admit the 
gas from the condenser. The gas passes down through the 
inlet cylinder b, and when the pressure becomes sufficient 
forces its way up through the fluid lime, the surface of which, 
dd 9 is 8 or 9 inches above the dash plate attached to b i:e is 
a hoop of angle-iron attached by bolts to the inside of the 
purifier, of such a diameter as to allow only half an inch of 
space to intervene between it and the iron dash plate attached 
to b. The bottom of the angle-iron hoop is on a level with 
the dash plate, so that the gas has to find its way through 
the small space between them : /is the revolving arm or stirrer 
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keyed on to the shaft b, which works in a bearing fixed on the 
bottom of the purifier, and passes through a stuffing-box in 
the lid, being worked by a bevel-wheel as already described 
for the mixing vessel. To the main arm is attached a band 
of bent wrought iron, hh, which continues up through the 
small opening already spoken of, and laps over the dash plate 
till it nearly touches the inlet cylinder, the object of this being 
to keep up the agitation and prevent the solid particles of the 
lime from settling; it also keeps the half-inch opening clear 
and free for the gas to pass through, k is the outlet-pipe 
for the purified gas after it has passed through the water, 
and reached the annular space between the outer and inner 
cylinders, l is an outside chamber, and m an outlet-pipe con- 
nected with the purifier by a siphon-pipe n ; the pipe m is 
provided with a valve, which is kept closed, except when the 
contents of the purifier are to be drawn off. The lime-water 
is brought into the purifier through the chamber l, and when 
it is required to empty the purifier, the valve in m is opened. 
As the siphon-pipe n must always Teaman. ^^^5s^^ss&ok 

h5 
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is evident that no gas can escape when the lime-water is drawn 
off. This arrangement is necessary, as when wet-lime purifiers 
were first used, a serious explosion occurred from the escape 
of gas along with the spent lime-water. The wet-lime puri- 
fiers are variously worked ; when four are used, two vessels are 
worked at one time, and when the lime in the first is expended, 
it is cut off, and the second and third are worked, and so on 
in succession. Sometimes these purifiers are worked one over 
the other, and when the water in the lower vessel has become 
so impure as to cause the gas issuing from the last purifier to 
colour the test-paper, the water is let off from the lower puri- 
fier, and that from the second allowed to flow into it. The 
water from the third purifier is also discharged into the 
second, and the upper or third purifier is charged with fresh 
lime-water. 

The quantity of lime required for purifying in the wet way 
is said by Mr. Clegg to be about the same as for the dry 
purifiers, — namely, in London about one bushel of quick-lime 
for 10,000 cubic feet of gas : this when diluted with 48 gallons 
of water will occupy 9 cubic feet, from which the capacity of a 
purifier sufficient for any given production of gas may readily be 
computed. The head of water through which the gas passes 
in the purifier need not exceed 8 or 9 inches. An area of 
9 square feet in the purifier will be sufficient for 10,000 cubic 
feet of gas. Where the gas is passed through two vessels in 
succession, half this area will be sufficient for each, or at the 
rate -of 4£ square feet for every 10,000 feet of gas passed through 
in twenty-four hours. Let a be the area of the purifier in 
square feet, and n the number of purifiers employed, then 

— '— = q, the quantity of gas in cubic feet that will be 

purified : if q be given, then 1Q p Q = a, the area of each 

purifier in square feet. The purifying apparatus proposed by 

Mr. Croll for the Central Gas Consumers' Company, at the 

lime when the production of gas was estimated at 368 million 

feet per annum, or 1,800,000 feet *& * maximum in. twenty- 
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four hoars, consisted of 8 wet-lime purifiers, each of 15 feet 
diameter, and two dry-lime purifiers, each 12 feet square and 
7 feet deep. The following is the estimate for these purifiers 
as furnished by Mr. Croll in his evidence before the House of 
Commons: 

Tonacwt.qn.lha. £. s. d. 

Eight purifiers, 1 5 feet diameter by 3 feet 

6 inches, containing 4700 feet, finch 

thick, at 28 fts. per foot . . . 48 5 22 
Two dry-lime purifiers, 12 feet square by 

7 feet, containing 1066 feet, f inch 

thick, at 23 fts. per foot • . 10 18 3 18 

Beams and columns to support ditto • 12 

71 4 12 

71 tons 4 cwt. of cast iron, at £10 per ton . . . 712 

3050 bolts for ditto, at 0*73 ft*, each, 2226 Ibt. at Ad. . 37 2 

Tona cwt. qw. tt)a. 
Dash plates of 8 purifiers, measuring 

14 feet diameter, each 1232 square 

feet, at 10 lbs. per foot ... 5 10 

Supporting beam, cylinder, and rods, ' 

complete 3020 

Agitators, in all 10 

138 feet of shafting from steam engine 12 1 8 

Dry-lime purifier covers complete • 1 10 
128 sieves in dry-Kme purifiers, at Mtbs. 

each 4 4 2 8 

15 7 1 16 
15 tons 7 cwt. 1 qr. of wrought iron, at £24 per ton . 368 14 

£1117 16 
Mr. Barlow, in his Report, makes no objection to this 
estimate, and in fact sanctions it by adopting it as part of 
his own estimate. Mr. Barlow differs very widely from Mr. 
Clegg, however, in fixing the quantity of lime for purification; 
as he states that a bushel of unslacked lime used in the wet- 
lime purifiers will purify 25,000 feet of gas, whereas Mr. Clegg 
says a bushel will be required fox 10,0W} <3&\&t*&« 
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The following year, when the estimated production was 
reduced to 320 million feet per annum, and the maximum daOy 
production to 1,500,000 feet, the contract entered into with 
Messrs. Rigby comprised the erection of four wet-lime purifiers, 
each of 15 feet diameter, and two dry-lime purifiers, each 
12 feet square, with four layers of lime in each. 

The total area of the two dry-lime purifierswould be 1152 square 
feet, and allowing 25 square feet to purify 10,000 cube feet 

of gas, their performance would be 1152 x 10,00 ° ■ . . 460,800 

The area of the four wet-lime purifiers would be 708 square 
feet, which, at 9 feet area for 10,000 cube feet of gas, gives 

708 x 9 10 ' 000 - 786,666 



Cube feet 



1,247,466 

making the whole purifying power of the establishment equal 
to something less than a million and a quarter feet in twenty- 
four hours ; but this .calculation is founded on Mr. Cleggfs 
estimate of a bushel of lime for 10,000 feet, which is un- 
doubtedly too high. 

The following is the specification for these purifiers as laid 
before the Committee by Mr. Croll : . 

Wet-Lime Purifiers. 
Purifiers to be 1 5 feet diameter, by 3 feet deep inside measure, 
constructed as follows, -viz. : 

Top and bottom plates to consist each of a centre plate and 
ten other plates radiating round it. The centre plate to be 
5 feet 1 inch in diameter, with a 3-inch flange round the cir- 
cumference, supported by fillets 6 inches apart, and to hare six 
ribs cast upon it 4 inches deep where they terminate round 
the inlet pipe, and 2 inches deep where they finish at the 
outside flange ; the flanges and the strengthening ribs to be on 
: the outside. One half in number of these centre plates, which. 
* will form the bottom to each, have a shoe cast on its centre in 
the inside, and a proper socket in its centre to receive the 
lower end of the agitating shaft. 
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The other half in number of these plates, which will form 
the centre of the top, each to have a 14-inch flange inlet cast 
in its centre 5 inches high, with 2£-inch flange, and six bolt- 
holes. 

Radiating plates. — Twenty in number to each purifier, to 
radiate round the centre plates, forming with them a circle 
15 feet 6 inches in diameter ; each plate to have a rib up its 
centre on the outside, 2 inches high at the inner end, diminish- 
ing to the surface of the plate at the circumference. One of 
the radiating plates to each purifier to have a 14-inch flange 
outlet cast upon its outer surface, standing 5 inches high, 
flange 2\ inches broad, with 6 bolt-holes. The centre of this 
outlet to stand 1 foot 1 inch from the inner end of the plate; 
the plate to have a 3-inch flange on three sides. 

Side plates to be ten in number to each purifier, 3 feet deep, 
and flanges all round the plate 2\ inches broad on the outside, 
with proper strengthening fillets, one between each bolt-hole, 
6 inches apart; a small ornamented strengthening bead to be 
cast upon the outside of the plate. Two of these plates in 
each purifier to have two brackets cast on their inner surface ; 
their upper surface, upon which a beam will rest, to be 1 foot 
6 inches from the top side of the plate, for the purpose of 
supporting two cast-iron beams to support centre inlet cylinder, 
and 3 feet 2 inches apart, centre to centre. 

Inlet cylinder to be 3 feet inside diameter, made of £-inch 
wrought-iron plates 2 feet deep, with a 2£-inch flange round 
each end; the one to bolt to the crown plate, the other to bolt 
the dash plate to. 

This cylinder to have snuggs riveted on it, which will rest 
on the beams that are to be supported on the snuggs cast on 
the side plates. 

Beams which support cylinder. — Two to each purifier, to be 
14 feet 7 inches long, 6 inches deep at the centre, diminishing 
to 4 inches deep at each end, and 1£ inch thick, with holes 
for bolting on the short cross-beams to ; these beams to be 
3 feet long, 6 inches broad, and 1 Vac\i \5dm&* xstaarcL «&&• 
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Bask plate to be 14 feet 4 inches diameter, made if i-mch 
boiler plate, with a 3-feet hole cut in its centre ; this plate 
bolted to the inlet cylinder with £-inch bolts 9 inches apart, 
all round the cylinder, and likewise supported by 1-inch angle 
iron suspending rods from the roof; the circumference kneed 
at each end, and fastened with two i -inch bolts; a ring of sheet 
iron £th of an inch thick and 12 inches broad, and kneed, to 
be fastened to the side plates by £-inch bolts, 1 foot apart, so 
that the under side of it will be on a level with the top side of 
the revolving arm. 

Revoking arm to be 14 feet 9 inches long, 4 inches broad, 
and f of an inch thick, set at an angle so that it will give a 
revolving resistance of 2 inches only, and to be supported at 
each end by a 6-inch roller of cast iron, made fast to it by 
proper wrought- iron supports ; a bent arm to be bolted to the 
main arm, and to bend up and over the dash plate, extending 
over it 2 feet 6 inches, and to revolve at a height of 2 inches 
above the dash plate. 

This arm to be made fast to the upright spindle by six J-inch 
bolts ; the spindle by which it will be turned to be of wrought 
iron, 2 inches in diameter and 8 feet long, with a square 
shoulder at each end, one to receive a bevel-wheel, the other to 
receive the revolving arm. 

Side cylinder and bottom bend to be a cylinder I foot 
5 inches diameter by 4 feet deep, open at the top, and an 
8-inch hole in the centre of the bottom; the bend to be a 
double flange, 8-inch bend, measuring 2 feet 6 inches to the top 
side of the bend, made fast to the purifier and side cylinder by 
ten $-inch bolts. 

Conclusion. — The top and bottom plates to be -§-ths of an 
inch thick, the side plates to be •£■ an inch in iJii^nfrg^ the 
strengthening ribs and flanges to be of the same thickness as 
the plates, the bolt-holes to be 6 inches apart, centre to centre ; 
the whole of the plates to be of the best sound cast iron, geo- 
metrically true, and fastened together by f bolts, with weH 
put in iron cement joints, and the whole to be perfectly wafcer- 
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Dry-Lime Purifiers. 

The dry-lime purifiers to be constructed as follows : 

Bottom plates, sixteen in number, so that when 
together they will be 12 feet square, j-ths thick, with flange 
all round, 2 J inches broad, clear of the plate ; all firmly bolted 
together by f th bolts, 6 inches apart, centre to centre ; with 
strengthening brackets, one between every two holes. One of 
the bottom plates to have a hole in it 14 inches in diameter, 
with a coyer plate standing 9 inches high, and 24 inches in 
diameter, made fast over the hole by six 15-inch bolts, with a 
collar 3 inches from each end, the one to rest upon the bottom, 
the other to support the cover plate, and made fast at each end 
to the cover plate and bottom plate by a {-th nut screwed on 
each end of the bolt. One bottom plate to have a hole 12 
inches in diameter, with ears, lid, and cross-bar, the same as 
a retort mouth-piece, for the purpose of opening from beneath 
as a discharge hole. 

Side plates. — One to bolt on to the bottom plates and stand, 
4 feet 2 inches deep on the inside of the purifier, sixteen plates 
to form the sides, having a water lute cast on, 8 inches broad, 
1 foot 6 inches deep inside all round these plates, to be j-ths 
thick, with flanges 2 J inches broad clear of the plate; the 
whole to have fillets between every two holes, being 6 inches 
apart, centre to centre* 

Two side plates in each purifier to have a flange outlet 14 
inches diameter cast on, standing out 9 inches ; the flange to 
be 2J inches clear of the pipes ; the bottom of the pipe on the 
inside to be on a level with the bottom of the purifier. 

On the inside of this plate will be cast two flanges standing 
the whole height of the plate, 2£ inches broad, and 14 inches 
between them ; these flanges to have j- holes in them every 
9 inches in height, for the purpose of receiving bolts to fasten 
on the outlet box. 

Outlet box to be 4 feet deep by 12 inches square, with a 
2£-inch flange at the bottom for boitm% \t to >ta& \**fcsssv 
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of the purifier ; the bolts to be -fths in diameter and 6 inches 
apart, centre to centre. 

Snuffgs to be cast on the side plates at the respective heights 
marked on the drawing, for the purpose of resting a tee-iron 
into, upon which the trays will rest, projecting 4 inches and 6 
inches deep ; twenty bars of 4-inch tee-iron, each 12 feet long, 
to rest into the snuggs cast upon the inside of the side plates, 
and not to be fixed by any bolting. 

Trays to be four in number to each purifier in squares of 
3 feet by 3 feet, making sixteen squares to each tray ; these 
squares to be formed of 2-inch flat bar iron half an inch thick 
as an outside frame, with two j«-inch cross-rods ; this frame to 
be fitted in with £-inch round rod with £-inch spaces between, 
properly riveted at each end through the framing, with 
counter-sunk heads. 

Cover to be constructed of a square frame of 3-inch angle 
iron 12 feet 10 inches on the side, with a square frame of 
3-inch flat bar iron in the centre, 4 feet on the side; these 
two frames to be joined by 3-inch tee-iron bracing, made fast 
with i-inch rivets. Eight 1-inch eye-bolts with collar above 
the screw to be passed through the angle iron, and made fast 
by a nut on the inside for the purpose of lifting it by. ' This 
skeleton to be covered with sheet iron -J-th of an inch thick with 
lfinch lap, inlaid with twine saturated in red-lead, and made 
fast with fth rose-headed rivets l£ inch apart, centre to cen- 
tre ; the plates on the top to lap on the angle iron 2 inches, and 
be made fast to it with £-inch rivets, 1£ inch apart, centre 
to centre ; the Bides to be y 7 ths in thickness and lapping on 
the angle iron to the same depth, and riveted with the same 
sized rivets. 

A binding rim of l£-inch half-round iron to be fastened to 
the outside of the side at the bottom, by 1-inch rivets, 6 
inches apart. 

A water lute, 16 inches deep and 6 inches wide, to be con- 
•' structed on the top of the lid. 

The whole of the above work to be of the best iron used for 
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such purposes, free from cracks or flaws, .and geometrically 
true ; the bolts to be all properly lapped with hempen washers 
saturated in red-lead, and good strong threads cut in them ; the 
joints to be made of good clean iron cement firmly caulked in. 

The plates of the coyer to receive a coat of red-lead at the 
joinings on the inside, and two coats all oyer on the outside, 
and the whole to be made perfectly gas-tight, fitted up com- 
plete, and guaranteed for twelve months. 

Tender to be for two purifiers. 

Four JFet-Litne Purifiers. 

. CAST IRON. 

Tom cwt. qn. tt>f. 

Bottom plates . . . . . . 2 11 3 26 

Side plates 1 11 2 13 

Top plates 2 13 13 

Side cylinder 7 3 18 

Beams to support inlet cylinder . • • 7 18 

7 11 3 22 
4 



Four purifiers » • . ■ . . 30 7 3 4 



WROUGHT IRON. 



Dash plate, with suspending rods, complete • 19 1 13 

Inlet cylinder 2 316 

Revolving arm, rollers, and spindles, complete . 3 1 13 



Four purifiers 
Bolts and rivets in all . 



Four purifiers 



1 


5 


2 14 
4 


5 


2 


2 





5 


18 

4 


1 





2 16 



it* 



Two Dry-Lame Pwrijkr*. 



Side pistes, ditto, 



2 1 2 21 

4 9 • 1 

• 5 1 19 

6 1* • 13 



Tee4roa beasts to support sieves . 
Sixty-four sieves # 

Cover, framing, sad bolts, complete 
Qeaaiag lid, cross-bar 
Boils sad rivets ia all 



Add cast iron ss shore . 



Total estimated weight of two purifiers 



1 6 2 17 

3 4 3 12 

13 2 

3 IS 

4 14 



5 19 

6 16 



2 25 
13 



12 IS 3 It) 

25 11 2 20 



It has been stated that Mr. Barlow estimate* one bushel of 
Hme for purifying 25,000 cubic feet of gas. At the Phoenix 
Works half a bushel of lime is used in the wet-lime purifiers 
per ton of coal carbonized, or at the rate of a bushel of hme 
for purifying horn 18,000 to 20,000 feet of gas. 

Mr* Clegg has fallen into some error in speaking of the 
qualities of lime best adapted for purification. He rightly 
gives the preference to that made from the purest limestones, 
and then observes that the purest lime is obtained from the 
has limestones and the lower oolite. Now this is contrary to 
all received experience, and analysis always shows that the lias 
limestones, both the white and blue varieties, contain a large 
per-centage both of alumina and silex. Many of the lias lime- 
stones contain as high a per-centage of these foreign ingredients 
as the septaria or cement stones, and are, like the septaria, mere 
argillaceous carbonates of lime. It is, in fact, this union of 
^$&jr snd lime in the same stone which gives to the lias lime 
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its peculiar and valuable hydraulic properties of setting under 
water, and of setting under all chrnmstances much more 
rapidly than the fat or pure limes. The same remarks as to 
impurity apply in some degree to the loner oolitic limestones, 
which are all more or less impure, and not nearly so well fitted 
for the purification of coal gas as the weak chalk limes. I 
venture to submit die follqwing classification of the best- 
known limestones of this country, in the order of their purity, 
and which order also expresses their value for the purpose of 
purifying gas. 

1 . The white chalk limestone of Merstham, Dorking, Charl- 
ton, Erith, and other parts of the chalk range surrounding the 
metropolis. 

2. The grey chalk limestone, from the lower beds of chalk. 

3. The blue beds of the upper and middle oolites. 

4. The lower, white, and grey limestones of the oolites. 

5. The most calcareous and crystalline beds of the car- 
boniferous or mountain limestones, colours grey and bluish. 

6. The magnesian limestone of Yorkshire and Derbyshire. 

7. The white has limestone. 

8. The blue lias limestone. 

9. The Silurian limestones of Wenlock, Dudley, &c, and 
the coralline limestones of Plymouth and the neighbourhood. 

In passing the gas through a succession of either wet or dry 
lime purifiers, it is important to be able to test the quality of 
the gas at each stage of the manufacture, in order to determine 
whether the purifiers are acting properly, to afford a check on 
the quality of coal used, and to determine when it is necessary 
to turn off one of the purifiers and bring another one into 
work with a charge of fresh lime. The most delicate test for 
sulphuretted hydrogen is a solution of nitrate of silver in dis- 
tilled water, made by adding 4 grains of nitrate of silver to 2 
ounces of distilled water. The test, however, most commonly 
used is acetate of lead, made by adding to distilled water 
as much acetate of lead as it will dissolve. The solution so 
made may be spread over the surface o€ %> &s& ^L^c&sxm^ 
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paper with a camel-hair pencil, and when paper so prepared 
is applied, while the solution is still wet, to a small stream of 
gas, the shade of colour produced indicates the degree of 
purity in the gas. In many works each of the purifiers is pro- 
vided with a stop-cock and a very small single jet burner, so 
that on turning the stop-cock a minute stream of gas will issue, 
sufficient to show its quality by the application of the test- 
paper. The pipe leading into the first purifier is furnished 
with a similar stop-cock, from which issues, when required, 
the crude gas before purification. If the test-paper be held for 
a few seconds in front of the small stream of crude gas, the 
paper will be instantly blackened, owing to the acid having a 
greater affinity for the sulphur in the gas, and parting with the 
lead in solution, which consequently appears in the metallic 
state of minute division on the surface of the paper. On 
applying a fresh surface of the test-paper to the gas from the 
first purifier, the dark shade is not so intense, as there is less 
sulphur to combine with the acid, and consequently less of the 
lead is set free. The gas from the second purifier ought to 
give only a slight shade of colour, while that from the third 
and last purifier should produce no shade whatever, as it 
should contain no sulphuretted hydrogen, and therefore pro- 
duce no decomposition of the acetate of lead. Mr. Clegg re- 
commends that test-paper should be applied every morning to 
the four descriptions of gas, namely, the crude gas and to that 
from each of the three purifiers, and that test-papers should be 
printed with squares for each kind of gas. The squares should 
be painted with the solution of acetate of lead immediately 
before its application to the jet of gas, and the papers pre- 
served as a record of its purity from day to day. Where 
nitrate of silver is used as a test, the shades of colour are pro- 
duced by a similar decomposition, the metallic silver being in 
this case deposited on the surface of the paper. The phial in 
which the nitrate of silver is kept should be coated with tin- 
foil to preserve it from the action of light, which turns the 
solution black, and if the test-papers are to be preserved, they 
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must for the same reason be kept between the leaves of a 
book, or otherwise excluded from the light. 



MR. LAMING'S PROCESS OF PURIFICATION. 

A method of purifying gas, recently patented by Mr. Richard 
Laming, and which is being tried by several of the large Gas 
Companies, will now claim our attention. 

This gentleman professes to proceed in a manner analogous 
to that in which the circulating fluids of the human body are 
purified. He observes, that the blood in circulating through 
every part of the system absorbs and carries to the various 
excretory organs certain superfluous quantities of organic 
matter, which are required to be expelled from the body. 
For example, the blood delivers over to the kidneys the two 
elements of ammonia and those of various acids ; and it con- 
veys to the lungs a quantity of carbon, which is there brought 
into contact with the inspired atmospheric air, and combining 
with its oxygen is expired in the form of carbonic acid. The 
blood thus purified from its carbon is again propelled by the 
action of the heart to the remotest parts of the body, and again 
becoming loaded with impurities, discharges them by means 
of the excretory organs, and so the alternate process goes on 
during the whole period of animal existence. 

Mr. Laming practises a somewhat analogous process, by 
passing the gas through a material which absorbs both its 
carbonic acid and its sulphuretted hydrogen; and the com- 
pounds so formed, when again exposed to the atmosphere, so 
as to combine with more oxygen, are again converted into a 
material fit for purification, and may thus be used over and 
over again in the purifying vessels. 

It has long been known, that when gas is passed through 
ordinary quick-lime, (in chemical language c a o,) that the 
carbonic acid combines with the lime, and forms carbonate 
of lime. It is also known, that when gas is passed through 
either of the sesquioxides of iron, t\& ^^o\n^\X^\^^s^s^ 
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is de co m posed, some of the sulphur combining with the 
iron and forming snlphuret of iron. Now Mr. Laming, 
in his method of purification, mixes the quick-lime with 
the oxide of iron, diffusing the whole through saw-dust 
or breeze, and hence obtains in his purifying vessel the 
double compound of carbonate of lime and sulphoret of iron. 
When this compound is formed, the covers of the purifiers are 
removed, and the mixture exposed to the oxygen of the air, 
when the following effects take place. 1st. The carbonic 
acid having a very feeble affinity for the lime quits it, and 
combining with the iron and with another atom of oxygen 
forms carbonate of iron. 2ndly. The sulphur leaves the sul- 
phuret of iron, and combining with oxygen to form sulphuric 
acid unites with the lime, and becomes ordinary sulphate 
of lime. The carbonic acid very soon passes off from the car- 
bonate of iron, which becomes again the oxide, while the 
sulphate of lime remains unchanged. The sulphate of lime 
and the oxide of iron are then again placed in the puri- 
fiers, and the same changes take place when the gas again 
passes through the mixture. It will be observed from this de- 
scription, that the new and important addition which has been 
made is that of the sulphuric acid, which is formed from the 
sulphur of the gas combined with the oxygen of the atmo- 
sphere. Mr. Laming however observes, that instead of 
waiting for this spontaneous formation of sulphuric acid, it 
may advantageously be added at the beginning of the opera- 
tion, or its place may be temporarily supplied by any other 
acid which is capable of combining with lime, and of being 
separated from it at ordinary temperatures by carbonate of 
ammonia. 

The principle then of Mr. Laming' s purification is the use 
of sulphate of lime in a state of intimate combination with 
oxide of iron. Mr. Laming states that muriate of lime, when 
it can be conveniently procured, will do equally well with the 
snlphate. 

The inventor anas np the account of his process by 
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describing it as based upon a certain set of known affinities, by 
the influence of which the greatest impurity of the gas, 
namely, its sulphur, is converted into sulphuric acid, and then 
combined with the next greatest imparity, namely, the ammo* 
iiia; while the carbonic acid, which is inodorous, is made 
to escape into the atmosphere, and is thus got rid of without 
expense. 

In this mode of purification the sulphate of Kme is decom- 
posed by the ammonia of the gas, and converted into sulphate 
of ammonia, which salt accumulates in the mass of used 
material till it becomes inconvenient, when it is removed 
by solution. Mr. Laming states in conclusion, that his pro- 
cess also removes from the gas its cyanogen and its sulphuret 
of carbon, which latter is a very injurious compound, and has 
hitherto very much retarded the admission of gas into private 
dwellings. The inventor also attributes an excellent effect to 
the suppression of lime, which is supposed to injure the illu- 
minating powers of coal gas by its alkaline re-action on the 
hydrocarbons* 

Mr. Laming' s process of purification is extensively employed 
at the Chartered Company's Works and elsewhere, one great 
advantage being that the old dry-lime purifiers can be used for 
the new process with little or no alteration. 

The mixture used at the Chartered Company's Works is 
made in a cheap and efficient manner by precipitating iron 
from the solution of sulphate of iron by means of chalk. The 
matter precipitated consists of a mixture of sulphate of lime 
with the carbonate of iron, but the carbonic acid soon leaves 
the iron, which remains as peroxide. 

When this mixture is placed in the purifiers, and the gas 
containing carbonic acid, sulphuretted hydrogen, and ammonia 
is passed through it, a double re-action takes place, — the sul- 
phur of the sulphuretted hydrogen combining with the iron 
and forming' sulphuret of that metal, while the sulphate of 
time is decomposed by the ammonia, carbonate of lime and 
sulphate of ammonia being formed. On. e&^aeua%\h& ra&*s&» 
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ate of lime and the sulphuret of iron to the oxygen of the air 
for two or three days, carbonic acid is given off in considerable 
quantities, the iron becomes again the oxide, and the lime 
becomes again the sulphate of lime, and the mixture may be 
used over again. 

As the sulphur does not pass off during the exposure to the 
air, but merely changes its mode of combination, there is obvi- 
ously a limit to the repeated use of the mixture in the purifiers 
unless the formation each time of sulphate of ammonia takes up 
all the sulphur contained in the gas. On this point we are not 
sufficiently informed, and, in fact, the whole subject demands 
a more extended inquiry. 

The process is undoubtedly one of extreme ingenuity, and 
besides its employment at the Chartered Works, a modification 
of it, founded on a patent taken out by Mr. Hills, is used by the 
Imperial Gas Company. Mr. Hills is said to supply the ma- 
terial under the name of a waste product in copper-smelting, 
and after use in the purifiers the mixture is oxidized by expo- 
sure to the air, as in Mr. Laming's process, and is again and 
again used for purifying. 

At the Western Gas -Works an experiment is being tried at 
this time for the separation of ammonia in the dry-lime puri- 
fiers. A solution is made by adding about 60 gallons of water 
to a bushel of sulphate of iron in the state of green copperas ; 
the solution being well mixed with saw-dust, which in this satu- 
rated state is spread on trays in the dry-lime purifier. The 
action of ammonia here again is to separate the sulphuric acid 
from the iron and to form sulphate of ammonia, as in Mr. 
Laming's process. When the contents of the purifiers are 
exposed to the air, the iron becomes an oxide, and the mix- 
ture may be used over again in the purifiers. 

The whole subject of purification is at the present moment 
in an unsettled state. The more general diffusion of chemical 
knowledge and the application of chemistry to the useful arts 
have not failed to influence the operations of gas manufac- 
turers. As a result of this, a great variety of proposals hare 
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been advanced during late years, with the view of improving the 
system of separating the impurities of coal gas. In addition 
to those of Mr. Croll, Mr. Laming, and others, which have 
been described at some length, may be mentioned the proposal 
of Professor Graham, to add to the hydrate of lime an equiva- 
lent of hydrous sulphate of soda. The action of absorbing 
sulphuretted hydrogen would be much more energetic in this 
mixture, and would continue, according to the Professor, till 
two equivalents of sulphuric acid are absorbed by one equiva- 
lent of lime. The sulphurets might afterwards be separated 
from the mixture so used, and its value to commerce preserved 
by still procuring from it the carbonate of soda. 

M. Penot's recommendation of sulphate of lead for sepa- 
rating sulphuretted hydrogen has been already alluded to (see 
page 32). This process would not supersede the necessity of 
employing lime and other means to separate carbonic acid and 
salts of ammonia. 

Latterly M. Mallet of St. Quentin has proposed as a puri- 
fying medium a residual product which arises in the manufac- 
ture of chloride of lime. This product is a combination of 
chloride of manganese with sulphate of soda. This method is 
practised at the Gas -Works of St. Quentin, where the material 
from the purifiers is afterwards operated on for the produc- 
tion of muriate of ammonia. There is a great resemblance 
between this process and that adopted by Mr. Croll. 



CHAPTER XIV. 



ON THE GAS-HOLDERS AND OTHER APPARATUS CONNECTED 
WITH THE STORING AND DISTRIBUTION OF GAS. 

The next subject for consideration is that of the gas-holders, 
or vessels in which the gas is stored ready for delivery into the 
mains which distribute it throughout the districts to be lighted. 
These vessels were originally termed G&sOTteV.«%,^\^^^ss^ 

i 
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is sometimes even now applied to them, but as they have 
nothing whatever to do with the measurement of the gas, but 
are mere vessels of capacity, [the simple name of Gas-holder 
appears more expressive and appropriate. 

The earliest gas-holders were made in the form of cubes and 
other rectangular figures, but there were disadvantages in this 
form, independently of the waste of material required to con- 
struct a rectangular figure as compared with that required for 
a circular figure of the same capacity. The corners and angles 
of the square figures were also found to require bracing, and 
other precautions were necessary in order to render the resist- 
ance uniform. Wooden tanks were also at one time made for 
the biting part of the gas-holder to work in, but this was at a 
time when gas-holders scarcely exceeded in size some of the 
large vats or backs in use at the great porter breweries. The 
construction of these wooden tanks was in fact intrusted to the 
back-makers, who used to guarantee the duration of the vessel 
for some period of time agreed on. They were, in consequence, 
generally constructed in a substantial manner, but it is evident 
that the rapid increase which took place in the size of gas- 
holders required the adoption of a different material from 
wood. When a deputation from the Royal Society, with Sir 
Joseph Banks at its head, visited the Gas -Works of the 
Chartered Company in Westminster about the year 1814, 
they strongly recommended government to restrict the Com- 
pany from constructing gas-holders exceeding 6000 feet in 
capacity, to be confined in very strong buildings. When Mr. 
Clegg published his work in 1841, he says, "gas-holders are 
now constructed to contain 250,000 feet" In the present year 
all the new gas-holders of the Great Central Gas Consumers' 
Company contain 412,000 feet, and there is one in Philadel- 
phia 140 feet diameter and 70 feet high, capable of containing 
more than a million cubic feet. 

The modern gas-holder is a cylinder ef plate iron made 

of sufficient capacity to contain the maximum quantity of gas 

produced in toenty-ibur hours *, and in very large works, where 
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several gas-holders are used, the joint capacity of all the gas- 
holders should be equal to this maximum production. In 
many gas-works the capacity of the gas-holders somewhat ex- 
ceeds the consumption of the longest night, but it is believed 
that this excess in capacity is unnecessary. The cylinder 
which contains the gas has no bottom, or it may be described 
as a cylinder inverted over a cistern of water, both the inlet 
and outlet pipes having their orifices above the surface of the 
water, so that the gas is hermetically sealed up within the 
holder, and can only escape through the outlet-pipe. The 
mode in which gas is stored in the gas-holder bears a very 
exact analogy to the mode of collecting and storing gas pur- 
sued by the chemist in the laboratory, where the jar to be filled 
is inverted over a trough containing water, and the gas admitted 
into it by a bent pipe passing up through the water. In the 
chemist's method, the jar or gas-holder remains fixed, however, 
while the water is displaced by the gas : in the gas manu- 
factory, on the other hand, the water is not displaced, but the 
gas-holder is raised by the gas flowing in. 

The principle of sealing up the gas by a water lute or 
hydraulic joint is, however, the same in both oases, and 
affords another instance of those beautiful contrivances for 
using one fluid in the management and manipulation of another 
which is much lighter and more elastic. 

Fig. 58, drawn on a scale of 1 inch =15 feet, is an elevation of 
a single-lift gas-holder from the Philadelphia Gas -Works . The 
lifting part of this gas-holder is 50 feet diameter and 35 feet 
high, and therefore capable of containing nearly 70,000 cubic 
feet of gas. a, b, c, are cast-iron columns standing on the 
brick-work of the tank at three equidistant points. The 
columns a and c support a trussed frame- work of timber, as 
shown in the engraving* A similar frame-work extends from 
b to c, at which latter point the twd frames converge. A 
strong chain is attached to the gas-holder at each of the points 
a and b, these chains passing over rollers and converging to c* 
where a chain is alae attached to the £j»&.ta&tatt *\2fc&^os«&B> 




from each of the three points of suspension thus meeting at c 
are united into one chain, from which & weight v is suspended 
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to counterbalance the weight of the gas-holder, d is a sec- 
tion of the tank-wall, showing the outer part composed of 
stone backing, while the inside is faced with brick. 

The telescopic gas-holder, in which the lifting part is made 
in two separate cylinders, is only an extension of the simple 
holder rising in one piece. 

The upper cylinder is of less diameter than the lower, and 
is joined to it by a most ingenious contrivance, which also 
forms a most perfect seal or water lute, as will be presently 
described. 

In the early period of gas-lighting, the gas-holder was sus- 
pended in its tank, and invariably counterbalanced by weights 
which were found necessary to relieve the gas from the great 
pressure caused by the lifting part of the gas-holder itself. 
The gas-holder was then made unnecessarily strong and heavy, 
so that the pressure on the gas would have been far too great 
without the action of the counterbalance. This pressure on 
the gas also increased as the gas-holder rose out of its tank, 
and when the whole of the gas-holder was out of the water 
and hanging in air (with the exception of the water seal), the 
weight was of course greatest, and the pressure on the gas at 
a maximum. This pressure gave rise to great inconveniences, 
and required a constant attention to the counterbalancing 
weights where anything like regularity was sought. 

Many attempts have been made to regulate the pressure of 
the holder so as to relieve the gas when flowing in from any 
pressure whatever, and to restore the required pressure when 
the gas-holder is full, and the gas has to be forced out through 
the mains or into other gas-holders. Attempts to effect this 
regulation of the pressure have been made by means of shift- 
ing counterbalances and other contrivances, and patents have 
been taken out by Malam, Outhot, Parks, Broadmeadow, 
Macrae, and others, but in no casfhas the object been 
properly effected. 

The introduction of the governor or regulating machi\L<5. % 
which, acting quite independently of Vtafc ^p&ta^&RV *&sm&»» 
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the gas into the mains at a uniform pressure, put an end how- 
ever to irregularity of pressure as respects the mains, and 
rendered all attempts to regulate the pressure of the gas-holder 
unnecessary as far as the mains are concerned. 

It may be observed in passing, that notwithstanding the great 
advantage of the governor, there are many large gas-works 
in provincial towns which yet do not possess one. Where 
large factories are supplied from such works, it is a frequent 
complaint, that for several hours in the evening they cannot 
obtain a sufficient quantity of light. This grievance, perhaps, 
even more than the high price charged for gas, has led to the 
establishment in most large towns of many private establish- 
ments for the manufacture of gas on the premises. Generally 
speaking, the existence of such small independent establish- 
ments reflects great scandal on the Gas Company, which with 
aH its appliances, its large joint-stock capital, and the pre- 
sumed superior skill of its management, cannot control the 
custom of individual manufacturers, who prefer for some rea- 
son or other to make gas for themselves, notwithstanding 
numerous undeniable disadvantages of making it on a small 
scale. Wherever the small rival establishments have origin- 
ated in a defective supply of gas at the time when it is most 
required, this may generally be traced to the absence of a 
governor at the principal works, and a consequent attempt to 
regulate the pressure by means of the gas-holder and its 
weights. Supposing the gas-holders to contain an ample 
supply of gas, which after leaving them is passed through 
a governor at a regular and constant pressure, the quantity of 
light given by all the burners will be constant and uniform 
whether the consumption be large or small, and will also 
be quite independent of the weights of the gas-holders and 
the effect of their counterbalances. 

The tanks of gas-holoWs are usually made of brick masonry, 
or of iron. Of late years a good many iron tanks have been 
constructed, but notwithstanding the low price of iron they 
kjttBSiderably more expense ihaa. taiek* while in the 
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largest modern example which we have in this country, 
namely, the Works of the Great Central Gas Consumers' Com- 
pany, just erected at Bow Common, all the gas-holder tanks 
are of brick. 

When the tank is made of iron, the pieces of which it is 
composed are usually cast in plates about 5 feet long and 
3 feet in depth. The plates have flanges all round them, 
usually 2 inches to 2\ inches deep, and J of an inch thick. 
The flanges are cast with holes about 10 or 12 inches apart to 
receive the bolts used for fixing the plates together. The 
plates are further strengthened hj diagonal ribs £ an inch 
thick, 2 inches deep in the centre, and diminishing to nothing 
at the corners of the plate. The thickness of the plates varies 
from 1£ inch for the bottom row of plates, down to J-ths of 
an inch for the top row of plates. - The plates are put together 
in the usual way with bolts, nuts, and iron cement, the joints 
between each row of plates falling in the middle of the plate 
above and below, according to the system termed breaking 
joint in bricklaying and masonry. The plates for the bottom 
of the tank are usually f of an inch in thickness. Iron tanks 
are made of various sizes up to 100 feet in diameter, but 
seldom more than 25 feet deep. The introduction of tanks or 
cisterns formed of cast-iron plates to hold water can scarcely 
be said to have its origin in gas-works, as the iron troughs or 
water-ways constructed as aqueducts for carrying the water of 
canals over roads and valleys probably afforded the first 
examples of the use of iron for such a purpose. Cast-iron 
aqueducts were common on the canals executed by the late Mr. 
Telford and Mr. Rennie some time before iron tanks were 
used in gas-works.* When the tanks are constructed of 

* The cast-iron aqueduct which carries the Shrewsbury Canal across 
the valley of the Tern, at Long Mill, is 186 feet in length. The Pont-y- 
Cysylte aqueduct on the EUesmere and Chester Canal is a far more 
stupendous concern, the cast-iron trough which carries the canal being 
988 feet long by 20 feet wide and 6 feet deep. Both these worka were 
executed by Mr. Telford in the bcgviHim& at ta& ^h»b& *rotax<| « 
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brick-work, they are usually sunk a considerable depth in the 
ground, so that the top of the tank is either level with 
the surface, or not more than 3 feet above it. The excavation 
must be made wide enough to allow a space all round the 
lifting part of the gas-holder, for the thickness of brick- work, 
and for a puddle at the back of the wall. In some cases the 
whole of the ground within the tank is excavated, and then 
the whole of the bottom must be puddled, the thickness 
required for this being of course included in the depth 
of excavation. Suppose a tank be required to receive a gas- 
holder 100 feet in diameter, and 25 feet deep below the 
surface ; the dimensions of the excavation would be calculated 
as follows : 

feet. in. 

Gas-holder 100 

Space for water all round .... 16 

Double thickness of brick-work at bottom . 5 3 

Puddle, double thickness .... 69 



113 6 



so that the diameter of the excavation, exclusive of any slope 
for the earth, should not be less than 113£ feet. In fact, 
such an excavation would, in practice, not be made less than 
120 feet diameter at the top, and sloped down to 113£ feet at 
the bottom. The thickness of brick-work I have estimated at 
3-J- bricks for the bottom, exclusive of footings. This thickness 
may be gradually diminished by offsets at the back, till at the 
Surface of the ground the thickness is two bricks or 18 inches. 
This is considerably more than the thickness given by Mr. 
Clegg, who shows a tank 87 feet in diameter with a thickness 
of only 18 inches at base and 14 inches at top. Mr. Peck- 
ston gives 2\ bricks at base for a much smaller tank, and 
14 inches at top. Comparing these tanks with the chamber 
walls of canal locks, which are seldom so deep, the dimensions 
I have given will appear insufficient to most hydraulic en- 
gineers ; it must be borne in mind, however, that the circular 
form of the tank enables it to resist ^tefuroxe better than 
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a straight or slightly curved wall, — that the brick-work has 
a strong puddle behind it, and the tank is always full of water, 
which counteracts the pressure of the earth by which it is sur- 
rounded. The nature of the ground will of course materially 
influence a decision as to the thickness of brick-work required 
in any particular case, and also whether concrete be necessary 
in the foundations. The dimensions above given may fre- 
quently require to be exceeded, while very few cases will occur 
in which it would be safe to diminish them. The whole of the 
brick-work should be carried up either in Roman cement, or in 
the very best hydraulic mortar, such as that made from the 
lias limestone of Aberthaw, Southam, &c. The use of cement 
or hydraulic mortar is not recommended for the purpose of 
making the tank water-tight, as this is effected by the puddle,, 
but in order to prevent an effectual resistance to the solvent 
power of the water. Most of the common mortars when 
in contact with water will dissolve by degrees, become soft, 
and in time the joints will be emptied, and the destructive 
power of the water will soon show itself on the brick-work. 
The duration of a tank will materially depend on the per- 
fection of the brick-work, and the complete resistance of the 
mortar joints is of the utmost importance. It is usually 
recommended to put in the puddle behind the wall in a more 
fluid state than it is generally used for canal embankments, 
dykes, and other hydraulic works, in order that the more com- 
pressible part may enter into the joints of the brick-work and 
form a more complete union with it. The puddle should 
be used in thin layers of 9 inches or a foot, well cut up, 
and worked with water and with the workman's tools, and trod- 
den down in the usual way. The best material for puddle 
is not pure clay, which is apt to crack, but clay with a portion, 
of sand or silt free from stones or other hard masses, and 
especially free from vegetable fibre of every kind, which would 
in time decay and leave hollows. The thickness at base of wall 
above the footings may be 3 feet, diminishing to 9 inches, 
at top. In carrying up the hrickywatV <& \foa \ss^> ^a& «^s^ 

i 5 
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between the paddle and the solid ground will become greater, 
and this must be carefully filled up with dry and solid mate- 
rial well rammed in thin courses, corresponding with the 
progre ss of the wall. 

Sometimes the whole of the space inside the tank is not ex- 
cavated, but a solid core is left in the middle. The whole 
exterior of this core must be dressed to a proper slope, to pre- 
vent the earth slipping and choking up the water-space. As 
this slope frequently however requires puddling, and the area 
is greater than that of the bottom of the tank, the saving 
as compared with the expense of excavating the whole must 
be very trifling. The annexed specification for the tanks 
erected by Mr. Croll at Bow Common describes a core to be 
kept in the middle, the core to have a footing wall at the base, 
and to be connected with the wall of the tank by an inverted 
arch. 

in order to guide the gas-holder in rising, vertical bars 
of iron are fixed all round the inside of the tank at in- 
tervals of about 9 feet apart. These bars are secured to 
stones built in with the brick-work, and project 3 inches 
from the nee of the brick-work. The construction of the 
piers to receive the guide-rods will be understood from the 
speofication. 

Attached to the tank is usually a well containing the inlet 
and exit pipes* The well is generally the same depth as the 
tank, and about 7 feet in* diameter, Hned with brick-work and 
puddled. The inlet-pipe enters at the top of the well and 
passes down to the bottom of the tank, where a vessel is fixed 
to receive any tar and moisture still contained in the gas. 
The inlet-pipe then passes horizontally through the brick-work 
of the tank and rises up vertically through, the water till 
ita open end is about 2 inches above the surface. The outlet- 
pipe is placed by the side of the inlet at the same height, 
and alter descending through the water passes out through 
the wall of the tank and enters the stand-pipe well, where 
mxotker weeefoer fir tat and w4ter & %x»L The outlet-pipe 
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then passes up the well, and conveys the gas either to a gover- 
nor or to the main for distribution. 

In Mr* Cr oil's works a single stand-pipe well is constructed 
for the joint use of all the four tanks, so that it is made 
of larger dimensions than usual, as will be seen from the speci- 
fication. 

In addition to the parts of the tank which have been 
already described, it is necessary to have supports on which 
the roof of the gas-holder rests when sunk in the tank. In 
Mr. Cr oil's large tanks these supports are thirty-six in num- 
bers consisting of hollow pillars, as specified. 

Specification of Work for the Construction of a Brick Tank at 

Bow Common. 

The tank, when finished, to be a true cylinder, measuring 
105 feet 9 inches in diameter, and 26 feet 6 inches deep in- 
side, as follows : 

The contractor to excavate all earth-work to a depth of 
25 feet from the surface line, which includes the depth of the 
brick-work, puddle, concrete, and the like, minus 5 feet, 
which the top of the tank may be above the ground line when 
finished. Should the tank require to be sunk level with the 
ground, 5 feet of excavation must be added. The substratum 
of the entire tank to be of puddled clay, properly tempered, to 
a depth of 3 feet. The brick-work to be commenced on top 
of the puddle, the walls to be three and a half bricks thick 
for 6 feet high, exclusive of three double courses of footings, 
together 9 inches broad on the back of the wall. 

An inverted arch to be constructed in the front portion of 
the wall at bottom, 14 inches deep. 

The whole of the footings, the inverted arch, and the waH 
to the height of the top of the arch, to be built in Roman 
cement, and good clean, hard, sharp sand, in the proportion 
of one-half of each. The last two courses of this thickness of 
wall to be likewise in cement as already described ; two bull's 
eyes, 16 inches diameter, to be formed in the thickness ^£<&& 
walls, as the engineer shall appoint. 
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The next 6 feet in height of walls to be three bricks thick ; 
the first three courses at the bottom, and which join those of 
the top of the last height, to be built in cement as already de- 
scribed ; the last two courses at the top of this height to be 
likewise built in cement. 

The next 7 feet in height of the walls to be two and a 
half bricks thick : the first two courses, which join on to the 
top of the last height, to be built in cement as before de- 
scribed ; the last two courses at the top of this height to be 
likewise built in cement. 

The remainder of the walls which thus terminate the sides 
of the tank to be two bricks thick ; the first two courses and 
last three courses of this height to be built in cement as before 
described. 

A coping of York stone, 3 inches thick by 14 inches broad, 
to cover the walls at top, closely jointed and bedded in ce- 
ment. One hundred and ninety-eight blocks of stone, each 
10 x 9 X 12 inches, to be built in the sides of the tank, for 
the purpose of fastening the vertical fiat bars to, which guide 
the gas-holder while, rising. Thirty- six bars of iron, each 
27 feet long, 6 inches broad, and -fths thick, to be fastened 
vertically to the stone blocks above mentioned, and to the 
coping and brick-work beneath by countersunk-headed bolts, 
so that the face of the bar will stand 3 inches forward of the 
brick-work. 

Twelve brick piers, each 5 feet by 4 feet 8 inches at the 
base, solid, diminishing in three set-offs at equal distances from 
bottom and top, to 4 feet by 3 feet at the top j these pillars to 
be bound in and built with the side walls of the tank, and built 
in cement, at the same levels as that of the cement-work in 
the side walls. 

At 8 feet from the top a cast-iron plate to be built into each 
pier, for the purpose of receiving tie-bolts ; this plate to be 
furnished to the contractor. 

Each pier to be capped with a solid block of granite, 2 feet 
^faep by 5 feet 6 inches by 3 feet, mttx e\$& \ V-ta&h holes bored 
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through its depth, as the Company's Engineer shall appoint. 
The whole of the brick- work of the sides to be puddled be- 
hind with well-tempered clay firmly put in, commencing at 
3 feet thick at the bottom, and gradually diminishing to 
9 inches thick at the top. 

The earth or soil to be firmly pounded in behind this ; and 
all shrinkage to be made good for a period of twelve months 
from the date of completion. 

The bottom or cone inside to be puddled similar to the 
vertical sides of the tank, and of similar thickness ; on top of 
which will be built a solid layer of concrete, 2 feet thick at the 
base where it joins the inverted arch, and 1 foot thick at and 
all over the top. This concrete to be made of good large 
gravel, cleaned from all earthy matter, and mixed with hy- 
draulic mortar in the usual proportions. A concrete pillar to 
be brought up, one below each pillar, capped with a stone 
18 inches square.' 

In case of concrete not being found convenient, this cone 
shall be covered with brick-work 13£ inches thick for one- 
third of the height, and finished with 9-inch brick-work on 
the remaining two-thirds. The Company's Engineer shall 
decide which of the two ways will be adopted, and allowance 
made in the contract accordingly. 

Eighteen hollow pillars, each 19 feet long, 4 inches in dia- 
meter, and i inch thick, having a flange joint in the middle 
made fast by bolts ; and eighteen hollow pillars, each 6 feet 
long, 3 inches in diameter, and f ths thick ; these to be all 
connected by -fth round rod made fast to each other and to 
stone blocks bedded in concrete. Each pillar to be fitted with 
a ctoss of 2^-inch tie-iron 6 feet long, and supported by struts 
of 1^-inch angle-iron, bolted to the tie-iron and pillar by 
J-inch bolts. 

The pillars to have ears cast upon them to receive those 
struts and the binding rods. 

The whole of the brick-work to be built so that the hi^jag&t. 
part of it will never be more than Vwo tefc\.\&!^&Kt ^cmssl^br. 
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lowest part ; the bricks to be the best hard-burnt stocks of the 
usual size, laid solidly in hydraulic mortar, all solidly flushed 
at both end and side joints, but not grouted. 

The contractor shall furnish all materials of every descrip- 
tion, scaffolding, embankment supports, tools, &c, and sink 
all necessary wells, and keeping the materials, &c, dry until 
the work is finished and tested. The excavated earth shall 
not be the property of the contractor further than he requires 
for the erection of the tanks and other works ; but all clay, 
gravel, sand, or other matter which he may not require in the 
construction of the tanks, to be at the disposal of the Com- 
pany for their own uses, but should they not accept of the 
same, the contractor shall in that case cart it away. 

The following is Mr. Croll's estimate of cost for the above 
tank, with a slight variation however in the stand-pipe tank, 
which is here estimated as one of 7 feet diameter appropriated 
to this tank alone, whereas the specification describes a stand- 
pipe well 10 feet diameter for the joint use of four tanks. 
This variation, however, will not affect the estimate to any 
great extent. 

Estimate of the Quantities of Brick and Stone Work for Tank 

of Gas-holder. 
Circular brick wall 26 feet high, as follows : 

Mean Dimm. 

ft. in. 

106 0* 

105 8 

105 3* 

104 11* 

104 1 

Twelve piers below the guide-rods, averaging 3 ft. 6 in. 
by 3 ft., and 24 ft. high 

Stand-pipe tank, 7 ft. diameter, 9 in. thick, 30 ft. high 

Internal cone, 25 ft. high, top and bottom diameters 
46 ft. and 93 ft. ; 9 in. thick 

Pillars to support roof 





ft. ft 


in* 


Bottom portion 


l4 x 2 


6* 


Second „ 


5x2 


2 


Third „ 


5x1 


n . 


Fourth „ 


6x1 


5* 


nfui n 


6x1 


1 



Contents, 
rodi ft. 

11 118 


rods ft. 


12 56 




10 36 




9 190 




7 58 


50 # 186 


9 240 




1 168 




18 96 




4 24 


33 256 
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Diam. 

fit. in. in. ft. in. yd*, ft. yds. ft. 

Puddle of the tank . . 28 6 x 18 107 S 535 11 

„ cone .. 34 3 x 12 69 6 277 10 

„ bottom . 7 x 18 113 164 24 






" ^atlf**} 30 0xl8 7 e 36 lff 



1014 9 



ft. 
Foundation-stones of tank, 3 ft. by 6 in., mean diameter 104 ft. 6 in. 636 
Twelve stone blocks for guide-rods to rest on, 3 ft. by 5 ft., and 2 ft. 

thick 360 

Twenty-four stone blocks for gas-holder to rest on when down, 

2 ft. 6 in. by 1 ft. 6 in. thick 30 

Estimated Coat of Brick and Stone Work in Tank for 

Gas-holder. 

£. t. d. 

50 rods 186 ft. in circular brick wall, at JE 15 per rod . . 760 5 2 
33 rods 256 ft. in piers, stand-pipe tank, internal cone, and 

pillars, at £15 per rod 509 2 4 

1014$ solid yards of paddle, at 4*. per yard . . . 202 17 4 

636 super feet of foundation stones in tank, at 9A. per foot . 23 19 

360 solid feet of stone blocks for guide-rods, at 2*. per foot . 36 

30 super feet of stone blocks for gas-holder, at 9d. per foot . 12 6 

6547 solid yards of excavation, at 2#. 6d. per yard . . 818 7 6 

£2351 11 10 

N.B. — To increase the size of this tank to hold a gas- 
holder that contains 412,000 cubic feet, will raise the cost 
to £2367. 8*. Ad. 

In some districts where stone is abundant it may sometimes 
be cheaper to build the tank of masonry, and if the material 
be properly dressed with squared beds and joints* the same 
thicknesses as those prescribed for brick-work earned up with 
puddle in the same way, will fully answer the purpose. If an 
inferior kind of building be adopted, like that called rubble 
masonry in Scotland, a somewhat greater thickness will be 
necessary. After all that can ta *t& &o&. *teraag^ vsA. 
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quality of materials for building, so much will depend on the 
particular circumstances of each case, that no general rules can 
be given. Practical experience in the nature of different 
strata, their solidity, their permeability by water, and other 
properties, will often dictate a mode of proceeding at variance 
with all the rules of theory. There is nothing peculiar, how- 
ever, in the construction of either brick or stone tanks for the 
purposes of gas-works, — no difficulties which do not occur again 
and again to the civil engineer engaged in the active practice 
of his profession. 

The lifting part of the gas-holder was formerly made of 
much heavier plate and far more abundantly strengthened by 
angle-iron and stays than at present. The first gas-holders 
were in fact almost strong enough to contain steam, while, in 
modern times, a more intimate acquaintance with gas has 
taught us that a fluid which may be imprisoned in a vessel no 
stronger than a silk balloon does not require the same precau- 
tions as steam. The great weight of the first gas-holders 
introduced the necessity of a complicated system of equi- 
libration chains and counterbalancing weights in order to relieve 
the gas from the great pressure of the holder, whereas in mo- 
dern practice the gas-holder is commonly too light to afford 
the requisite pressure, and requires to be itself weighted. 

As there are many country works without the advantage of 
a governor, and as the gas-holder should then be capable to 
the utmost possible extent of regulating the pressure of the 
gas, I propose to describe, first of all, the mode of adjusting 
the pressure of the gas-holder so as to make it equal and 
uniform for all heights ; and, secondly, to enter on the mode 
of producing any required or given pressure either greater 
or less than that afforded by the gas-holder itself. 

ON REGULATING THE PRESSURE ACCORDING TO THE RISE 
AND FALL OF THE GAS-HOLDER. 

In some works the gas-holder \s tatanoed by a chain 
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passing over pulleys and hanging down to the ground without 
any suspended weight, as in fig. 58. This chain is called the 
chain of equilibration, and must he of such a weight as to 
balance the gas-holder in every position, from extreme immer- 
sion to the point where it is nearly out of the water. Now 
the weight to he given to each unit (say a foot of the chain's 
length) bears a constant relation to the weight of water dis- 
placed by the same unit or length of the gas-holder. Let us 
assume the weight of 1 foot in depth of the gas-holder to be 
w, and put the specific gravity of the iron = g, then we have 
by the laws of hydrostatics w : the weight of water displaced 
by 1 foot of the gas-holder : : g : 1000 the specific gravity of 

• 

water; or the weight of water displaced =^ . Now as the 

gas-holder in rising 1 foot gives over a foot of chain to the 
other side of the pulleys and at the same time parts with 
a foot on its own side, it follows that a chain which weighs per 

foot one-half of the above quantity, or —5 — > w ^ ftfttil *ke 

required condition of balancing the gas-holder. To apply this 
in practice, let us assume a gas-holder 100 feet diameter, con- 
structed of No. 1 1 plate iron, the weight of which per square 
foot is 5 lbs. 

tbs. 
Hence we have 100 x 3*1416 x 5fts. = . . . 1571 

To which add £th for rivets, overlap of plates, &c. . 262 



Weight of 1 foot in depth of gas-holder . . . 1833 

Calling the specific gravity of wrought-iron plate 7700, we 

1833 
have -=y = 238 lbs. for the weight of water displaced by 

1 foot, and consequently half this amount or 119 fbs. for the 
weight of each foot of chain. 

In most of the old gas-holders where equilibrating chains are 
used, the vessel is suspended from three points at equal dis- 
tances round the circumference. The upright standards sup- 
port three cast-iron frames, arranged in plan, in the form of an. 
equilateral triangle. Two of these ftum£& csxrj ^raSta^* w«. 
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which pass the chains from the point of suspension. The 
third pulley is placed at the intersection of two of the frames. 
The other two chains converge towards this third pulley, and 
pass over the edge of the gas-holder by separate pulleys. The 
balance is here effected by three separate chains, each of which 
must of course weigh one-third of the whole weight, as deter* 
mined above. 

To find the pressure on the gas due to the weight of the gas- 
holder. — In this case, the whole weight of the gas-holder 
is taken into consideration, so that the pressure is determined 
for the vessel when lifted up to its extreme height out of the 
water. Then, for any other height the equilibrating chain 
comes into play, and causes the pressure to be the same, 
however much or however little the gas-holder may be 
immersed. 

Let W be the weight in pounds of the entire gas-holder, and 
A the area of the top in square feet, then the pressure in 

pounds per square foot will be -r- The pressure is usually re- 
quired in inches of water, which may be taken as weighing 

62J fts. per cubic foot. Hence 62 iX = P ressure expressed 

by the depth of a column of water in feet, or - g . v = pressure 

in inches of water. For example, take a gas-holder 100 
feet diameter and 39 feet high, the weight of which 
as given in detail by Mr. Clegg would be 100 tons. Here 
W = 100 x 2240 = 224,000 lbs., and A the area = 7854 

square feet. Hence ^= — =gr^ = 5*47 the pressure in inches. 

The working pressure of this gasometer is therefore said to be 
equal to a column of water 5*47 inches in height. As this 
pressure would be considerably too much, such a gas-holder 
would require to be furnished with a counterbalance, which 
brings us to the consideration of the next problem. 

The weight and area of a gas-holder being given, to deter* 

mine the counterbalance weight required to make it work 

af any less pressure, sag at n. tncfces. Tietfc it v* vrideot, xts&ng 
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the same letters as before, W - 5*21 A * = weight of 
counterbalance required. Suppose it be required to find the 
counterbalance necessary to make the last gas-holder work at 
a pressure of 2 inches ; then 224,000 — 7854 X 5*21 X 2 =. 
224,000— 81,838= 142,162 ibs. the weight of counterbalance. 

The weight of this gas-holder is so great, that in order 
to reduce the pressure to anything like a proper amount for 
regulating the flow into the mains, an enormously heavy 
counterbalance would be required. Where no governor is used, 
the working pressure of gas-holders seldom exceeds that of a 
column of water 1£ inch deep; but where the gas passes 
through a governor, the gas-holder may very advantageously 
have a pressure of 3 inches. Where again the gas is required to 
pass from one gas-holder into others, the pressure in the first is 
often considerably more than this, as it facilitates the flow of 
the gas, while the gas-holder which is actually used to regulate 
the pressure in the mains is of course adjusted so as to have 
a pressure suitable for the purpose. 

I have already alluded to the great changes which hare 
been gradually taking place in the construction of gas-holders, 
which are now made so light as more commonly to require 
loading themselves than to need the aid of counterbalances. 
In the department of gas-engineering there are several manu- 
facturing firms of great eminence who devote themselves 
wholly and chiefly to the manufacture of gas-holders, and the 
concentrated attention which the subject thus receives has 
undoubtedly led to very favourable results. An engineer 
in erecting gas-works may receive tenders for his gas-holders 
from a number of well-qualified contractors who have each 
their own method of construction, and may, if he chooses, 
be saved much of the trouble and responsibility of designing 
these vessels for himself. 

The modern method of erecting gas-holders, as practised in 
those at Bow Common, is to have no suspension whatever, 
but a series of guide-rods equal to the whole height which the 
holder is to rise. These guide-rods ate ^&j^TO\s&il'&& <&&- 
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cumference of the tank, at the rate of about 1 to every 8 or 9 
feet of diameter, so that they stand from 25 to 30 feet apart, 
and they are connected at top by tie-rods or light castings, 
which serve to preserve them in a vertical position. The 
talented American engineer who visited this country to obtain 
information on the subject of gas-works for the Town Coun- 
cil of Philadelphia preferred the system of triangular suspen- 
sion, however, as described in the preceding pages. He 
proposed two gas-holders capable of containing the maximum 
quantity of gas required for consumption in twenty-four hours ; 
each gas-holder to be 50 feet diameter and 18 feet deep, with 
single lifts, and working with a pressure equal to 3 inches of 
water. Each gas-holder to be suspended from three points, 
with chains leading to and terminating at one point, being the 
apex of a triangular frame of wood- work. To these chains thus 
connected the counterbalance was hung. Mr. Merrick, the En- 
gineer, observes, in his Report, that the plan of triangular sus- 
pension has one decided advantage in a climate liable to falling, 
or drifting snow : the weight of snow falling on one side of the 
vessel will not affect its perpendicular position, while with the 
guide-rods it might affect the free play of the gas-holder. 



TELESCOPIC GAS-HOLDERS. 

These vessels, which afford the means of 
storing nearly double the quantity of gas on 
the same space of ground, are very valuable 
where economy of space is an object, as in 
most large towns. The telescopic gas-holder 
consists of an upper and lower cylinder, the 
latter working in the tank of water, as already 
described, and the upper one, of somewhat 
smaller diameter, being connected with the 
lower one by means of a very ingenious hy- 
draulic joint. Thus the whole side of the 
tipper vessel is turned up all round so as to 
form a weU, abed, in fig. 59, iiom *\A to 
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20 inches deep, and from 6 to 9 inches wide. The side 
of the lower vessel is also turned down in a corresponding 
manner, so that the part e f enters the well or water 
lute surrounding the upper holder. This water lute being 
always kept filled with water, acts as a perfect seal to prevent 
the escape of gas while the lower holder is rising or is at all 
out of the tank. The two parts of which this holder consists 
are both contained in the tank when entirely empty of gas. 
As the latter enters, the upper holder rises, the water in the 
tank serving to confine the gas and prevent any escape. 
When the upper holder is leaving the water of the tank, the 
point d comes opposite to /, when the part ef enters the 
well, and seals hermetically the two holders together. They 
then begin to rise together, the seal between the two, and the 
water of the tank, both serving to prevent escape of gas during 
the remainder of the rising process. It is frequently necessary 
in telescopic gas-holders to suspend both the upper and lower 
vessel. In this case, triangular suspension may be adopted for 
the upper, with a frame of cast iron or wood connecting the 
uprights at top, and carrying the pulleys and converging 
chains as already described. At the same time, the lower vessel 
must be balanced by means of chains and separate weights 
suspended from each of the guide-rods, as its position of 
course prevents the use of such a frame as that used for 
suspending the upper vessel. In order to insure the proper 
working of the two vessels together, it is usual to fix on 
the upper edge of the lower cylinder a series of friction-, 
rollers, the periphery of which presses on the inner vessel, 
serving to make the motion uniform and to preserve the 
shape of both cylinders. These friction-rollers are usually from 
4 to 6 inches in diameter, about 4 inches broad, and placed 8 
or 9 feet apart all round the circumference of the lower vessel. 
The tank is usually kept full of water, to within an inch 
of the top. The inlet and exit pipes both enter at the bottom 
of the tank and pass up through the water, their open ends 
standing about an inch above the suifore. IV^ ^\^& \sv 
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large works are commonly 10 or 12 inches in diameter, and 
both dip into a stand-pipe well just outside the tank, in order 
to deposit any tar and water which they contain. The bottom 
of this well is made somewhat lower than the bottom of the 
tank, and is furnished with pumps for emptying the tar. Mr. 
Clegg recommends the adoption of a wooden curb to be fixed 
around the lower edge inside the lower cylinder of the gas- 
holder. The use of this curb, which is usually made of 
Memel logs, with a scantling of 12 inches x 12 inches, scarfed 
and fastened together by trenails, is to regulate the flow of 
gas from one gas-holder to another. He also recommends 
that the pressure of all the gas-holders at the same works 
should be regulated and equalized by adding to or reducing 
their curbs, so that the pressure will not vary more than 
T^ths of an inch. When the gas-holders are so adjusted, the 
extra pressure of any one holder, whose curb is nearly out of 
the water, will cause the gas to flow off into another gas-holder 
which is nearly empty, and with its curb consequently im- 
mersed in the water. 

The thickness of plate commonly used in the construction 
of gas-holders varies from No. 18 to No. 11 wire-gauge; the 
first of these being less than ^-th of an inch in thickness, and 
weighing 1*86 ft. per square foot, while the latter is -$-th of an 
inch thick and weighs 5 fts. per square foot. 

Where very thin plates are used, a greater proportion of 
stays and bolts are necessary, whereas in very large gas- 
holders, where No. 1 1 plate is used, the proportion is much 
less, the principal weight being in the plates and in the angle- 
iron curbs to which they are riveted. 

Mr. Clegg gives an example of a gas-holder 36 feet in dia- 
meter and 12 feet deep, made of No. 18 wire-gauge for the 
sides, and No. 17 for the top; total weight of gas-holder 
6 tons 5 cwt. 2 qrs. 21 fts. ; tripods and guide-rods, 5 tons 
2 cwt. 1 qr. 21 fts. Total cost of gas-holder, including 
erection, £ 247. 10*. Brick tank for. the above, £ 188. 6#. «. 
Another example, also by Mr. Clegg, is a gas-holder 50 feet 
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diameter and 18 feet deep, containing 35,300 feet. Top, No. 
14 wire-gauge; sides, No. 15 ditto; total weight of gas- 
holder 12 tons 18 cwt. 2 qrs. 27 lbs.; tripods and guide- 
rods, 11 tons 6 cwt. 3 qrs. 1 t>. Cost, including erection, 
taking the cast-iron work at £7. 10*. per ton, .£541. 2t. 
Brick tank for the above, £316. 8*. 

Another example is, 87i feet diameter and 25 feet high. 
Sides of No. 16 wire-gauge, and top of No. 14; total weight of 
gas-holder 38 tons 10 cwt. 1 qr. 6 lbs. ; tripods, bolts, brack- 
ets, &c 41 tons 7 cwt. 3 qrs. 8fbs. Estimate for gas-holder, 
including erection, £1609. 10*. Brick tank for the above, at 
£ 16 per rod, £ 749. 12*. 6d. 

Another example mentioned by Mr. Clegg is the large gas- 
holder at the Pancras Station of the Imperial Company, 100 
feet diameter and 39 feet high, containing 300,000 cubic feet. 
The thickness of the plate used for the sides of this is No. 12 
and No. 13, and No. 12 for the top; total weight of gas- 
holder 100 tons 6 cwt. 3 qrs. 17 ms.; brackets, guide-rods, 
tripods, &c. 116 tons 14 cwt. 1 qr. 8ibs. The cost of this 
is not given. 

A very excellent specification for a telescopic gas-holder, 
100 feet in diameter and 45 feet high, is given in the ' Gas 
Journal' of August, 1849. The roof and top tier of side 
plates in this gas-holder were to be No. 11 wire-gauge, and all 
the other side plates of No. 12. 

Mr. Croll's large gas-holders, of about the same size, at Bow 
Common, have the top and bottom tier of plates in the sides of 
No. 11 wire-guage, and the roof and all the other plates of 
No. 12. 

The following copies of specifications for gas-holders and 
the stand-pipe well or hydraulic room attached to the tank 
will supply many details which have not been alluded to for 
want of space, and will furnish examples of the best kind of 
construction in use at the present day. For the first specifi- 
cation I am indebted to the 'Gas Journal* for August, 1349, 
p. 49. 
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Specification of an Iron Tank and Gas-holder. 



" Cast-iron Tank. — One cast-iron tank of 101 feet diameter, 
and 22£ feet depth, both inside measure and exclusive of the 
flanges. The flanges to the bottom to be on the inside, the 
others on the outside, and the whole of them to project 
3} inches at the least. The bottom is to be 1 inch thick 
throughout, excepting the outside row of plates and the row 
next to it ; the outside row to be 1-J- inch thick, and the next 
row to diminish in thickness from 1£ to 1 inch. The centre 
plate is to be \\ inch thick. The first tier of side plates is to be 
1 \ inch, the second 1£, the third \\ inch, the fourth 1 inch, 
and the fifth or top tier 1 inch thick. Each of the side plates 
is to be of such a width as to allow of 75 in the circumference ; 
each plate to be 4 feet 6£ inches deep ; and each tier of plates 
is to be numbered in the casting of them, such numbers to be 
1, 2, 3, 4, 5, beginning at the bottom tier. 

"The tank is to be bound together by five wrought-iron 
hoops, which are to be fixed as shown in the drawings, each 
hoop to be 5 inches wide and 1£ inch thick. 

"The tank is to be bolted together with full 1-inch bolts of 
wrought iron, not more than 7 inches asunder from centre to 
centre of each bolt, and properly cemented together with iron 
cement. A flange column is to be fixed on the centre plate 
of the tank so as to support the roof of the gas-holder when 
down, and to be of the height and dimensions shown in the 
drawings. The plates of the tank, exclusive of the bolts, ce- 
ment, hoops, and centre column, to weigh tons ; and all 
to be delivered, and the tank to be erected agreeably to draw- 
ings, and to the satisfaction of the committee of management 
of the company or their engineer, for a sum to be fixed, free of 
any other charge whatsoever, unless the aggregate weight of 
the plates shall exceed or be less than six tons of the estimate 
above stated, in which case the price to be charged or deducted 
is to be after the rate of £ per ton. The company is, how- 
ever, to pay for nothing beyond the said excess of six tons, 
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and should the deficiency be more than the six tons, then the 
company is to be allowed from the price to be paid for the 
tank after the rate of £ 20 per ton, for such deficiency, what- 
ever it may be. 

"Each of the plates and castings is to be numbered and 
marked on the inside with its own weight with white-lead paint. 
The company is to provide good and proper brick or stone foun- 
dations, and keep out water ; but the contractor is to find and 
use the necessary materials for scaffolding, and also all pulley 
blocks and falls, and every other material that may be required 
in erecting and completing the tank. 

" The whole of the plates and materials for the tank are to be 
delivered, and the tank is to be erected complete, on or before 
the end of thirteen weeks after notice shall have been sent in 
writing to the contractor from the company, either by hand or 
by post, that the foundations for the tank are sufficiently pre- 
pared for him to begin his work. 

"Should the tank not be completed as above stated, then the 
contractor is to be subject to a fine to be reserved from his ac- 
count of £ 50 per week from the date at which it is agreed 
that the tank shall be completed; and should the delay 
exceed four weeks of the time stipulated, then the company is 
to be at liberty to employ any other party to complete the 
tank without being liable to the contractor for payment, either 
for the plates delivered or such part of the works as he may 
already have executed. 

"Hydraulic-room, two 18-inch Valves, and six 18-inch 
Quarter Bends. — One circular hydraulic room with a bottom 
and top, to be 12 feet diameter and 18 feet deep inside mea- 
sure, and -Jths of an inch thick throughout, with the requisite 
flanges. The flanges to the bottom are to be on the inside, 
and all the others on the outside. The whole to be fixed 
together with {-inch bolts fixed in the same manner as in 
the tank, and completed according to the plan and dimen- 
sions described in the drawings. 

"Two 18-inch pneumatic lifting-TO^sia, vA i\x> Y*>-"va£k> 
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quarter bends, to be cast agreeably to drawings, and the said 
Talves are to be fitted ready for use. The contractor, on fail- 
ing to deliver and complete the said hydraulic-room, yalves, and 
bends, to the satisfaction of the committee of management or 
their engineer, on or before the expiration of the above notice 
referring to the tank, is to be subject to a penalty, to be 
subtracted from his account, of .£100 ; and should the delay 
exceed four weeks of the time stipulated, then the company is 
to be at liberty to employ any other party to complete the said 
hydraulic-room, valves, and bends, without being liable to the 
contractor, either for the castings delivered, or for such part 
of the said hydraulic-room, valves, and bends as he may have 
already executed. 

" Gas-holder. — One circular gas-holder to be made of the best 
plate and English iron, upon the telescope principle, to the 
above-mentioned tank. It is to be in two parts, and correspond 
in diameter and height with the dimensions given in the draw- 
ings. The roof and top tier of side plates of the gas-holder 
are to be of No. 1 1 wire-gauge, and all the other side plates 
are to be of No. 1 2 wire-gauge. Each part is to be 22 feet 
deep, and is to have a hydraulic joint 15 inches deep and 
8 inches wide of No. 10 wire-gauge, one part of the joint to be 
connected with the top of the bottom part. The top edge of 
the cup and the bottom edge of the dip are to be bound by 
half-round iron, 2 inches by 1 inch thick. The roof of the 
gas-holder is to be a dome roof, supported within in the «sual 
way, with sufficient wrought-iron framework, and twenty-four 
trusses, and the requisite intermediate rafter bars, strutted as 
shown in the drawings. The side of the upper part is to have 
twelve vertical truss bars, equidistant from each other in the 
circumference inside. The lower part is to have twenty vertical 
plates of flat iron, 3 inches by f ths of an inch, reaching from 
the top to the bottom on the inside, with the requisite inter- 
mediate bars, strutted as shown in the drawings. The gas- 
holder is to have twenty-four cast-iron guide-pulleys and car- 
jiages, twelve Of which are to be attached to the upper part 



GAS-HOLDERS. 219 

• 

and twelve to the top of the bottom part, to work upon guide- 
rods, and also twelve friction rollers are to be attached to the 
dip of the hydraulic cup on the top of the lower part of the 
gas-holder, to work between its upper and lower parts ; thirty- 
six friction rollers are also to be attached to the bottom edge 
of the lower part, to work between it and the tank, all as shown 
in the drawings. The whole to be of the requisite dimensions 
to suit their respective places, and the rim of the lower part is 
to be strengthened with a double wrought-iron curb of angle- 
iron 4 inches by 1 inch at the root, and a ring of bar-iron 
4 inches by 1 inch in thickness. The sheets of the gas-holder 
are not to exceed 4 feet in length by 2 feet 2 inches in height ; 
and the rivets are not to be less than i inch in diameter, nor 
more than 1 inch asunder from centre to centre, their heads 
showing on the outside. Twelve eye-bolts and shackles are to 
be attached to the upper edge of each gas-holder at equal dis- 
tances from each other. 

" The said gas-holder, &c. are to be delivered and executed 
complete according to drawings, and so as to apply to the said 
tank, and to the columns and frame after mentioned, and to 
the satisfaction of the committee of management or their engi- 
neer. The contractor is to provide himself with and use the 
pulley blocks and falls, and every other necessary material 
for constructing the scaffolding, which he is to erect at his own 
expense. 

" The materials of the gas-holder, including friction rollers, 
pulleys, &c, &c, and all their appendages, are to be delivered, 
<and the whole erected and fitted complete, on or before the end 
of thirteen weeks after notice shall have been given as above 
stated in reference to the tank, that the said tank is sufficiently 
completed to enable the contractor to commence the building 
of the said gas-holder, &c., &c, for a sum to be fixed free of 
any other charge, such sum to include the price of the columns 
and frame after mentioned. 

" Should the said gas-holder, with all its apnendaq£&*ttuL *&a«* 
the columns and irame after mentioned, w&\fe sbuk^sNA * 
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above stated, then the contractor is to be subject to a fine of, 
£50 per week, to be reserved from bis account, from the date 
•of the period wherein it may be agreed that they shall be com- 
pleted ; and should the delay exceed four weeks of the time 
stipulated, then the company is to be at liberty to employ any 
other party to complete the said works, without being at all 
liable to the contractor for payment for any part of the works 
which he may have already executed. 

" Columns and Frame. — The said gas-holder is to have twelve 
cast-iron columns, and a cast-iron frame to connect them toge- 
ther at equal distances from each other in the circumference, 
as shown in the drawings. 

" Each column is to be composed of four lengths, and when 
erected to be, including the said frame, about 62J feet high, 
from the top of the foundations to the top of the frame, so 
that the whole frame shall be arranged to one level. The co- 
lumns to taper from 24 inches diameter at their bases to 16 
inches at their tops, and be 1£ inch thick at bottom, tapering 
to 1 inch at top. The metal of the frame is to be 1 inch thick 
throughout. Each casting is to be numbered and marked 
with its weight with white-lead paint. 

"Twelve wrought-iron guide-rods of railroad iron, according 
to drawings, and with the requisite chairs, to be fixed and 
applied one to each column, and reach from the top of the 
tank to the under side of the frame ; and each, column is to 
have a foundation plate of cast iron 6 J feet long, 4 feet wide, . 
and 2 inches thick, and four wrought-iron holding-down pins 
of 2 inches square iron, 10 feet long each, and to be fixed with 
the necessary lead, as shown in the drawings. 

"The columns are to be bound together with a cast-iron 
frame as mentioned, which is to be composed of twenty-four 
girders, to be connected in the circumference of the tank from 
column to column at top, and each girder is to be fitted to its 
respective columns and to its respective girders. The whole 
to be properly chipped and secured together with proper 
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screwed bolts, nuts, collars, &c. of wrought iron, cemented 
together with iron cement. The plan of the frame, and also 
for the elevation section, bearings, and mode of connecting the* 
columns, guide-rods, and girders, to be according to drawings. 
" The said columns and frame, with their appendages, are to 
be delivered and erected complete, so as to apply to the said 
gas-holder and tank, and to the satisfaction of the committee 
of management or their engineer, and within the time and 
under the conditions named in respect to the gas-holder." 

SPECIFICATION OF GAS-HOLDER AT 
CENTRAL GAS CONSUMERS' WORKS AT BOW COMMON. 

Four Telescopic Gas-holders. 

Gas-holder in two lifts, rising together 50 feet, independent 
of 6 inches of seal when gas-holder is up. The exterior 'lift' 
to be 103 feet 1\ inches diameter, and 25 feet 6 inches deep 
on the vertical sides. 

The water lute to measure 20 inches deep by 9 inches wide, 
constructed of a 5-inch angle-iron on the outside, and a 3£- 
inch angle-iron on the inside ; the former £ and the latter \ an 
inch thick, joined together on the top and on the vertical 
inside with boiler plate \ inch in thickness ; the joinings each 
to be lapped with a piece of 7 inches long by the breadth of 
the joint, and \ inch thick, riveted with £-inch rivets, counter- 
sunk on the inside of the cup \\ inch apart, centre to centre. 
The vertical inside of the cup to be stiffened round the bottom 
with 1^-inch half-round iron fastened to the side by £ rivets 
12 inches apart. 

Plates. — The highest and lowest tier of plates on the vertical 
sides to be £ of an inch in thickness. The lap of these plates 
to be 1-j inch, fastened to their respective angle-irons by 
£ -inch rivets, 1 \ inch apart, centre to centre. 

The lowest tier of plates to have a 5-inch angle-iron fastened 
horizontally round the bottom on the inside, to form a bottom 
curb, with |-inch rivets, 1^ inch £tom cfettafc \o ras&tfc* 
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Twenty-four corrugated stiffening bars (the folds forming 
corrugation to be 1 inch in depth), 6 inches broad by $ inch 
thick, standing the whole height of the sides, and bolted to 
the top and bottom angle-irons by two {-inch bolts at each 
end, and likewise to the plates on the vertical sides, every foot 
in height, by f-inch bolts. These bars will stand vertically 
on the inside. 

All the tiers of plates which fill in between the top and 
bottom tiers, and which will form the covering for the vertical 
sides, to be of No. 12 Birmingham gauge, having lj-inch lap, 
and fastened with -rV-inch rivets 1 inch apart, centre to 
centre. 

Thirty-six cast-iron rollers, 6 inches in diameter and 6 inches 
long, working into proper wrought-iron sheaves, to be bolted 
to the bottom 5-inch angle -iron with four -f-inch bolts 
each. 

Twelve slide carriages and rollers complete, to be bolted on 
to the top of the water lute ; the rollers to be not less thai) 
12 inches over the flanges, and to receive a guide-rod 3 inches 
broad. 

Thirty-six rollers, 4 inches diameter and 6 inches long, 
working into proper wrought-iron sheaves, to be bolted to the 
inner angle-iron of the water lute, for the purpose of guiding 
the upper lift. 

The upper lift of gas-holder to be 101 feet 4£ inches in 
diameter and 26 feet deep on the vertical sides. The upper 
ring or curb, to which the top and sides are to be fastened, to 
be constructed of a 5 -inch angle-iron -fths of an inch thick, 
which will stand on the outside ; on top of this will be riveted 
a ring of boiler plate ■§■ inch thick and 12 inches broad, in 
segments not more than 6 feet long, lapped at the joinings 
with pieces 7 inches long by the breadth of the joint. A ring 
of 4 -inch angle-iron to be riveted along the inner edge of the 
annular ring of boiler plate on the inside. The rivets to be 
used in the formation of this curb to be -fths of an inch dia- 
meter and 1 J inch from centre to centre. The outer circle of 
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the plates on the top, the first on the vertical sides at top, and* 
the last on vertical sides at bottom, to be £th of an inch in 
thickness, with a lap of 1$ inch, riveted with f rivets H inch 
apart, centre to centre. 

The remainder of the crown plates to be of No. 12 Bir- 
mingham wire-gauge, all riveted with -fa rivets, the lappings at 
the joints to be 1-J-inch rivets, 1 inch from centre to centre ; 
the whole top to be constructed flat (not raised). 

The remainder of the side plates which will fill in between 
top and bottom plates, and which will thus complete the sides, 
to be of No. 12 Birmingham wire-gauge, all riveted with 
T V rivets, 1 inch from centre to centre, with 1^-inch lap. 

The lower raw of plates on the sides to be fitted with a 
water lute of 20 inches deep and 9 inches wide, formed of a 
4-inch angle-iron on the inside, and a 3£-inch angle-iron on 
the outside, and joined by boiler plates £ inch thick. The 
outer vertical side of water lute to be likewise boiler plate 
i inch thick, riveted to the 3^- inch angle-iron, and bound all 
round the top with 1^-inch half-round iron, riveted on with 
■f-th rivets 12 inches apart. 

The joints in the water lute to be lapped with pieces 7 inches 
long by the breadth of the joint, and } inch thick. The 
rivets to be used in the formation of the water lute to be 
£ inch, countersunk on the inside of the cup, 1 J inch apart, 
centre to centre. 

Twenty-four trussed rods standing on the inside, vertically 
bolted to the curb at the top and the 4-inch angle-iron at the 
bottom with two f bolts, constructed of 4-inch fiat-bar \ inch 
thick, and stiffened behind with a j- round rod, having a 
double-acting screwed collar in the middle. 

These trusses to be placed at equal distances round the 
sides, one opposite to each guide-rod. The outer and inner 
angle-iron of the top curb to be connected by 2-inch angle- 
iron and bolted at the angles by |th bolts. 

Twelve slide carriages and rollers complete (each with a 
frame which will stand against the insidt tiC\h& wsro£>^\»\>fc. 
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bolted on the top ; the rollers to be not less than 18 inches 
over the flanges, and to receive a guide-rod 3 inches broad. 

The whole of the riveting to be made with rove-headed 
rivets, excepting in the water lutes, where the rivet-heads 
• will be countersunk ; the plates to be all hammered or other- 
wise made flat, for the lappings of the plates to have a cord 
inserted well saturated with red-read. The whole of the 
outside to have three coats of red-lead and litharge paint. 

The gas-holder to be made perfectly gas-tight and geometri- 
cally correct. The whole of the sheet iron to be of the best 
quality, perfectly sound, and free from blisters or other defects. 
The plates each to contain not moce than 8 square feet. The 
angle-iron, tee-iron, and boiler plate to be all batted where 
the ends meet, and all rivets above -^ths to be riveted hot. 

The gas-holder, when completed, to weigh not less than 
90 tons. 

GUIDE-RODS, &C 

The guide-rods to be each 53 feet high, 4 feet broad at 
2 feet from the base, swelling out to 5 feet at the base, and 
tapering to 9 inches broad at the bottom. Twelve rods to 
each gas-holder. 

The bottom to be made fast to a stone block, and the brick- 
work beneath by eight 1^ bolts, each 8 feet long, having a 
cast-iron washer plate at the bottom, not less than 5 feet X 2 
feet, and \\ inch thick. 

The guiding-rods to be perforated leaves, cast in three con- 
venient lengths, made fast to each other by eight 1-inch bolts, 
passing through the flanges, and clean iron cement firmly 
caulked in the flanges, to be 1 J inch thick, 2\ inches broad, 
clear of the mid-feather, which will be 1 inch thick. 

At four points the guide-rods at the base shall consist of an 
open casting, stretching between tank and tank, and thus 
compose the lower portion of two guide-rods; above this 
casting the remainder of these two guide-rods shall proceed as 
in all the others, and be bound together at two places by cast- 
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iron beams of the size shown, bolted to the guide-rods by four 
f bolts at each end ; these castings to be of the same thick- 
ness as the other guide-rods. 

The flanges of the guide-rods to measure 6 inches over and 
1 inch thick, supported by fillets of 1 foot 6 inches apart. 

The base of the guide-rods to be If inch thick, with five 
strong fillets extending to the outside of the base and 12 inches 
up the leaf. 

The perforations in the guide-rods to be of such a size that 
between each opening and between the openings and the out- 
side of the rod there will never be less than an average of 
4 inches in breadth of solid iron. 

A malleable-iron shoe, with a bolt standing 9 inches high in 
the centre, to be bolted to the top flange of each guide-rod. 

The whole of the guards to be fastened together at the top 
by a 6 -inch tee-iron (wrought) having proper eyes to pass 
over the bolts in the top of the malleable-iron shoes ; these 
eyes to be separate from the tee-iron, clipping it and made 
fast to it by cotter pins, so that the length of the binding tee- 
iron can be altered at pleasure. 

A cast-iron leaf to be bolted to the front of each guide-rod, 
extending up its whole height ; this leaf to be 6 inches broad. 
The flange which bolts to the guide-rods to be 6 inches broad 
by 1 inch thick, with bolt-holes every 3 feet in height, one 
on each side of the mid-feather, and bolted to the guide-rod 
by 1-inch bolts. The front flange to be only 3 inches 
broad. 

A runner of 4-inch tee-iron to be bolted to the bottom 
flange of the upper portion of the guide-rods, binding the 
guide-rods one to the other, at such a distance from the 
front as will not interfere with the action of the gas-holder. 

The above guide-rods to be erected perfectly perpendicular 
in a substantial and workmanlike manner ; the whole to receive 
two coats of red-lead oil paint, and the action of the whole 
guaranteed for twelve months. 

Quantities in a gasholder. — Upper lift, \Q\ fe*X. \\\asS&RR^ 

k5 
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and 24 feet deep ; lower lift, 103 feet 7\ inches, and 25 feet 
6 inches deep, rising 50 feet. 

Top Curb. 

tons cwt. qn. flu, 

Angle-iron, 5-in., contains 262 ft., at 25 ft*. . . 2 18 2 10 

Annular ring (12 in. broad), 318 ft., at 20 ft*. . . 2 16 3 4 

Angle-iron (3 in. underneath), 155 ft., at 15 lbs. .10 3 1 

Angle-iron trussing to curb 13 13 

Crown. 

Outer ring of plates (5 ft. long, £ thick), 1516 sq. ft., 

at 5 fbs 3 3 2 

Remainder of crown, 6575 ft., at 4*38 tbs. . . .12 1 7 14 

Water Lute, 

5-in. angle-iron (\ thick), 265 ft., at 20 lbs. . . 2 7 1 8 

3 i-in. ditto (* thick), 200 feet, at 20 ft*. . . . 1 15 3 3 
Annular ring of boiler plates (6£ broad), 170 ft., at 

10 lbs . . 15 1 2 

Vertical side of lute (10 in. broad), 287 ft. 6 in., at 

10 fbs 1 5 2 19 

Binding rim, 323 ft., at 4 tbs 11 2 4 

Side Plates. 

First and last row (i thick), 1275 ft., at 5 lbs. . . 2 16 3 18 

Remainder of sides (■& thick), 7562 ft., at 4*38 tbs. . 14 15 2 24 

Twenty-four trussed rods on inside . . . 2 6 2 19 

Upper lift 49 17 3 19 

Lower Lift. 

Top, 5-in. angle-iron (f thick), 290 ft., at 25 tbs. . 3 4 3 11 

3*-in. ditto (i thick), 198 ft., at 20 tbs. . 1 15 1 12 

Annular ring on water lute (i thick), 172 ft., at 20 tbs. 15 1 12 
Vertical side of ditto, 267 ft, at 20 tbs. . . .2732 

Binding rim 11 1 20 

Bottom curb, 5-in. angle-iron (-J thick), 289 ft., at 

20 tbs. 2 11 2 12 

Carried forward . . . . 61 4 1 4 
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Brought forward • 

Sides. 
First and last coarse (i thick), 1340 ft., at 5 lbs. 
Remainder of sides (-j% thick), 7589 ft., at 4*38 tbs. . 
24 corrugated bars, 25 ft. 6 in. x 9 in. x £ in. . 

Carriages, in all, 2 tons 10 cwt. ; rivets, 2 tons 15 cwt. ; 
bolts, 10 cwt 5 

Added since .... 

90 3 

The weight of this gas-holder, as given above, is considerably 
more than that stated by Mr. Croll in his evidence of the year 
before. As that evidence gives the weights of the various 
parts and also the prices at which they are estimated, they 
are inserted below, as handed in to the Committee of the House 
of Commons. 



tons 


cwt. 


qn. 


Iba. 


61 


4 


1 


4 


3 











14 


16 


3 


3 


4 


1 


1 


24 


83 


2 


2 


3 


5 


15 








88 


17 


2 


3 


1 


2 


2 






Estimate of Gas-holders. 



tons cwt. qrs. tba. 



Two 4-inch angle-irons, forming water lute of both 
halves, their united length 628 ft 9 in., equal to 
419 square ft, at 2 lbs. to a foot . . . 3 14 3 11 

Two 2-inch angle-irons, forming the remaining part of 
water lute; total length 634 ft. 10 in., equal to 
211 square ft. 7 in., at 10 tbs. to afoot . . 18 3 15 

Two 1-inch angle-irons, making a binding selvage at 
water lute; total length 635 ft. 10 in., equal to 
105 square ft. 9 in., at 10 lbs. to a foot . . 9 1 24 

A 6-inch T-iron at bottom, 319 feet long, containing 

319 square ft., at 20 tbs. to a foot . . . . 2 1 2 22 

MaXUabU angle-iron curb, at top 9 in. broad, 320 ft. 

6 in. circumference (including lap-over for joining), 

i-in. thickness : 

482$ square ft., 20 lbs. to the foot . fts. 9645 

24 1-in. round stays, 14 in. long . „ 72 

144 f -in. bolts, total weight . . „ 105 

4 7 2 21 



Carried forward • • . . \\ YL «L * 
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Brought forward .... 

Twelve trussed rods, containing 325 ft. of 1-in. round 
iron, and 300 lineal ft. of 3-in. flat bar-iron, and 24 
}-inch bolts 

Twelve 6-in. flat bars, 25 ft. long, i-in. thickness, and 
24 3-inch bolts 1 

2618 square ft. on sides 

1249 do. top 



tons cwt. 


qra. 


lbs. 


11 12 


2 


9 


1 1 





14 


1 6 


3 


24 



3867 square ft., 5 ibs. to a foot . 



13,744 square ft. on sides . 
6,844 do. top . 



20,588 square ft., 4£ lbs. to a foot . . . . 

Bolts and other wrought iron in connection with gas- 
holder, including 24 flat bars for rollers to work 
upon guide-rods 

Tie-rods at top 



U9 19 3 



4 
6 



10 
9 



2 
1 



23 
8 



75 2 3 
35 17 1 14 



Twelve cast-iron guide-rods, 53 feet high, weight 

Estimated Cost. 

tons cwt. qrs. lbs. 
Wrought iron 75 2 3 at £ 24 per ton . 
Cast iron . 35 17 1 14 at £10 „ 

Slide carriages and valves 152 

118 feet sink-pipes, 14 inches diameter, 6 tons, at £ 6 . 36 

Two siphons 3 

200 feet 14-inch pipe, to connect gas-holder with factory 62 
Fitting 318 feet at 4*. lOrf. per yard . . . . 25 12 



£. t. 4. 
1800 12 

358 12 6 



6 
4 



20,000 extra would increase the holder . 



2437 17 4 
83 8 



£2521 5 4- 

Accidents sometimes happen from the gas-holder being 
filled with gas of too high a pressure, and the outlet-pipe being 
closed so that no escape of the gas can take place. A simple 
expedient in the shape of a self-acting safety-valve has been 
proposed in order to provide for such a case. An iron cap is 
suspended from a chain attached to the inside of the top of 
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the gas-holder. Thi^ cap covers the orifice of an open pipe 
standing up in the tank of the gas-holder. The top of the 
pipe just emerges above the surface of the water in the tank, 
so that when the cap is down its rim enters the water and 
forms a water-valve so as to prevent all escape of gas. Bat 
when the gas-holder rises above its proper height, the cap is 
lifted off, and the gas escapes down the pipe by which it is 
carried off out of the gas-holder. This contrivance is included 
in a patent taken out by a Mr. H. Francis, in October 1845. 



CHAPTER XV. 

APPARATUS FOR REGULATING THE FLOW OF GAS AND 

RECORDING ITS PRESSURE. 
THE GOVERNOR. 

This is one of those ingenious self-acting machines which 
are equally admirable for their efficiency and simplicity. It is 
placed between the gas-holder and the principal main pipe in 
order to regulate the pressure of gas admitted into the latter, 
and acts quite independently of any irregularity due to the un- 
equal action of the gas-holder or to other causes. The governor 
is important also in another point of view, namely, where a 
town has several different stages of elevation, and where with- 
out some contrivance the pressure of gas passing through the 
mains would vary very much on each different stage. It has 
been found by experiment that the pressure in a main varies 
at the rate of T fa of an inch for every foot of rise or fall. 

In the case of a district lying below the works a governor is 
seldom necessary, the works being generally, as a matter of 
convenience, placed at a tolerably low level, and it is found prac- 
tically that a district lying even 30 feet below the works may 
be lighted without the intervention of a governor to increase 
the pressure, as the diminution due to the difference of level 
would be only -^ths of an inch of pressure. But governors are 
especially necessary in towns, such as Bristol, Bath, Edinburgh, 
Liverpool, Lincoln,. Nottingham, Exeter, *xA \x\sx^ ^assr^ 
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which have different stages of elevation, because the gas as it 
reaches the higher parts of the town will act with so greats 
pressure as to produce very serious leakage in the pipes, besides 
the disadvantage of giving the upper districts an undue propor- 
tion of light at the expense of the lower. Separate governors 
for the regulation of pressure at different stages of elevation «t 
not considered necessary unless the ground has a rise of about 
30 feet ; and in order to carry out the principle of uniform 
pressure to the utmost advantage, there ought to be as many 
governors as the quotient of the whole elevation in feet divided 
by 30. Every gas-work for lighting a town should have at 
least one governor to regulate the pressure of gas passing from 
the gas-holders into the first main. Many towns in flat situ- 
ations which have no elevations much exceeding 30 feet will 
require only this one. But in other very hilly towns it would 
be advantageous to have several smaller governors to regulate 
the pressure for the different levels. 

The governor is merely a miniature single-lift gas-holder 
suspended from the centre and furnished with an inlet and 
outlet pipe, the former having a conical piston suspended in it, 
which regulates the admission of the gas in the inverse ratio 
of its pressure. The lifting part is usually a cylinder of very 
thin sheet iron about five times the diameter of the inlet-pipe, 
so as to give plenty of room for the two pipes to stand inside 
and leave a space above for the gas to occupy in passing 
through the governor. The tank is made of cast-iron plate in 
a circular form, usually somewhat less in depth than the 
diameter, and with the capacity of about 2 cubic feet for every 
10,000 feet of gas required to be passed through in twenty- 
four hours. Thus a tank about 5 feet 4 inches diameter 
and 4 feet 6 inches deep will be sufficient for a go- 
vernor to pass 300,000 cubic feet of gas in twenty- 
four hours. The lifting part, or inverted cylinder, is about 
the same depth and about 4 inches less in diameter. The 
inlet-pipe, which may be about 1 2 inches in diameter, is pro- 
vided with a flange at the base, and is screwed to the bottom 
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of the tank, where it passes up in the centre through the water 
contained in the tank. The top of the inlet-pipe is also pro- 
vided with a flange, on which is screwed an annular casting 
which contracts the opening to 8 inches. In this inlet-pipe is 
suspended a solid cone of iron 8 inches in diameter at base and 
about 2 inches at top. This cone is suspended from and 
attached to the centre of the roof of the lifting cylinder, so that 
the cylinder and cone rise and fall together. To the centre 
of the roof on the outside is attached a chain which passes 
over a pulley and sustains at its other extremity a weight so 
adjusted as nearly to balance the weight of the conical piston. 
It is evident that when the pressure of gas is very small, the 
cone descends and allows a large escape from the top of the 
inlet-pipe; and on the other hand, when the -pressure in- 
creases, the cone will rise and contract the opening so as to 
cause a diminished quantity of gas to enter. Of course the 
perfection of this action depends on an accurate adjustment 
of the weight, and when once this is effected the regulation 
of pressure is so perfect as to leave nothing to be desired. 
The gas, when once admitted into the space above the inlet- 
pipe, of course finds no impediment to its progress, and passes 
off by the outlet-pipe without further hindrance. The cone 
is usually made of cast iron and is turned true in the lathe. 
The orifice at the top of the iulet-pipe is also bored true and 
of a conical form, so as to fit the base of the cone. The 
regulation of the weight and counterbalancing chain is yery 
simple. 

Let W be the weight of the cone and the lifting cylinder of 
the governor in air, and let W be their weight when the cone 
is immersed its full depth of 4 feet in the water. Then 4 feet 

in length* of the chain, that is, the 4 feet measured from the 

^y iff' 

crowiji of the pulley, must weigh — and the weight of 

the counterbalance attached to the chain must be equal to 
W-< - — . The reason of this will be obvious from the 




Ihrwulfr. WlA thM* 
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re not supported by it at all, its weight will be 1500 fts. 
le counterbalance on the other side will be 1400 lbs. 
ixs the whole weight of the chain which will then be on 
at side, making also 1500 lbs. Next, suppose the cone 
tirely immersed in the water, its weight will be 1300 
us the weight of the chain equal to 1400 fbs., which is 
;&in balanced by the counterbalance alone, the chain being 
>w entirely on the side of the cone. Sometimes the chain 

not made heavy enough to counterbalance the cone and 
r linder, in which case a weight is used, which can be added 
> or diminished as required. 

Fig. 60, drawn on a scale of 1 inch = 2 feet, is an elevation 
* the governor used at the Philadelphia Gas -Works. The 
spended cone with the outlet and inlet pipes are not here 
Lown, as it is believed the description already given will 
xider the principle and details of the governor sufficiently 
ear. 

c is the tank or outer cylinder of the governor ; a and b are 
le attachments of the uprights supporting the cross bar 
trough which passes the moveable rod attached to the coni- 
il piston ; d d is the lifting cylinder ; and e a weight sus- 
snded to the chain. 

The piston has been described as a true cone turned in the 
the to this figure. It is thought to be an improvement, 
Dwever, to substitute a parabolic instead of a conical form, as 
le exact opening of the inlet-pipe can be adjusted with much 
neater certainty when the parabolic form is used. This will 
3 evident if we consider that the sections of a parabola paral- 
1 to the base decrease in direct proportion to the heights at 
hich they are taken, whereas the sections of a true cone de- 
ease as the squares of the heights. It follows that a paro- 
tic piston will open or close a space in exact proportion to 
ie height through which it is lowered or raised, whereas 
truly conical piston will open or close a much larger space 
hen the part near the base of it rises one inch than when the 
pper part of the cone rises through the svk& \a\^dX.. ^&ss&£& 
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it is much easier to adjust the opening by means of the para- 
bolic piston, which is the form always adopted by Mr. Wright 
for his governors. 

VALVES. 

t 

The valves used in gas-works are of two kinds : namely, the 
hydraulic-valve, which acts on the principle of interposing a 
column of water in such a position and of such a depth that 
the gas is incapable of passing through it ; and the slide or 
spring valve, which stops the flow of gas by the close contact 
of accurately planed metallic surfaces, the contact being pit\ 
served by the action of a spring, as will presently be described. 

The hydraulic-valve is chiefly used in the works between tht 
gas-holders and the mains, while the slide-valves are also ex* 
tensively employed in the street mains, and are of great service 
in stopping the flow of gas when a part of the main is under- 
going repair. 

Figs. 61 and 62, drawn on a scale of ^th of the full size, 
show two kinds of hy draulic -valves ; and figs. 63 and 64, 
drawn on the same scale, show the usual form of slide-valve. 

In fig. 61, d is a cast-iron cylinder, usually about 3 feet 
long and 16 or 18 inches in diameter. The top of this cylin- 
der has a perfectly air-tight cover with a stuffing-box, through 
which works the rod d. The gas passes into this cylinder 
through the pipe a ; the bottom part of the cylinder contains 
water or tar to the level a a> or about a foot in depth. The out- 
let-pipe b, through which the gas passes off to the mains when 
the communication is open, has its orifice about 3 inches above 
the level of the tar ; s e is an inverted cup which covers the 
mouth of the pipe b, and can be raised when required by 
means of a pinion working into the rack on the rod d. It is 
evident when the cup is at the bottom and immersed in the 
water, as shown in fig. 61, the gas is hermetically sealed up 
and prevented from entering the pipe b, unless its pressure be 
sufficiently great to displace the water and cause it to overflow 
into the pipe b. In this case the gas would escape, but the 




depth of 12 inches is usually sufficient to prevent this, and to 
afford a most effectual seal. On the other hand, it is evident 
when the cup e e is raised above the surface of the tar, the 
gas will flow uninterruptedly from the gas-holder through pipe 
a, and thence Into pipe b, which takes it off to the main. This 
kind of valve is extremely simple and efficient, the chief objec- 
tion to it being that the outlet and inlet pipes are at different 
levels, an objection which does not apply to the next kind of 
hydraulic -valve . 

Fig. 62 is the section of a valve which is frequently made 
use of in the mains, where it has the advantage of acting as a 
receiver to contain the tar which drains off from the gas in its 
passage. 

The outer cylinder is about 3 feet 6 inches long, and about 
the same diameter as in the valve last described, \jv?n&&.«* 
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before with on air-tight cover and stuffing-box, through which 
the rod d passes : a is the inlet and b the outlet pipe, both on 
the same level ; e e is the moveable cup, not inverted in this 
case, but entirely immersed in tar when at the bottom of the 
cylinder, and remaining full of tar when lifted up by the rod d 
to close the open end of the inner cylinder ; the inlet-pipe a 
opens into the outer cylinder, and the outlet-pipe b opens from 
the inner cylinder. The tar should be a little higher than the 
top of the cup, namely, as high as the line a a. On the right- 
hand side of the engraving is a small pipe, f, with a screwed 
top, through which the tar is drawn off when it reaches abort 
the level a a. Bearing in mind that the inner cylinder is open 
at the top, the action of this valve will be readily seen. When 
the cup is at the bottom, as in the engraving, the gas passes 
freely from a into the outer cylinder, then up through the 
inner cylinder, and goes off by the pipe b : when the cup e e 
is raised, however, the bottom of the inner cylinder rests on 
the bottom of the cup, and being of less diameter than the cup, 
there is an annular space of water all round, equal in depth to 
that of the cup ; this water effectually prevents the gas from 
passing through it and reaching the outlet-pipe. The inlet- 
cylinder may be about 10 inches in outside diameter, and the 
clear diameter of the cup being about an inch more, a space of 
half an inch will be left all round, which is quite sufficient to 
prevent any escape of gas. It will readily be seen that when 
this valve is used for the street mains, the pipes a and b being 
laid with a slight inclination towards the cylinder, any water, 
tar, or oil, which the gas may contain, will drain towards the 
cylinder and fall to the bottom without any interference. The 
valve thus answers the double purpose of a receiver and that 
of shutting off the gas whenever required. 

When this last kind of valve is used in the streets, where it 
would be inconvenient to have the rod d raised by means of a 
pinion, the rack is not cast on it, and the cup is raised by an- 
other contrivance. The rod in this case has a thread cut on it, 
irks through a nut in the bottom of the cup : when 
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the rod is turned, the cup, being at the same time prevented 
from turning, is raised by the screw until it attains such a 
position as to seal up the bottom of the inner cylinder. 

Hydraulic -valves are not much used of late years, having 
been superseded by an improved form. 

SLIDE-VALVES. 

Fig. 63 is a longitudinal section, and fig. 64 a plan in sec- 
tion, of this kind of valve, a b is the valve case ; c is a circu- 
lar iron disk attached to the rod e, which works through a 
stuffing-box at the top of the valve case : d is a spring which 
presses on the disk c, and causes it to be in perfect contact 
with the rim of the pipe when in its place : the disk is very 
accurately planed in the lathe, and Fig. 63. 

the rim of the pipe is also accurately 
faced, as well as the part a b, against 
which the disk presses when raised so 
as to open the communication between 
the pipes. It is evident when the 
disk is placed as shown in the en- 
graving, the passage of the gas is 
stopped, and when raised by means of 
a pinion working in a rack cast on e, 
the passage can be entirely opened. 
When used in the works, the disk is 
worked either horizontally or verti- 
cally, as shown in the engraving, but 
when used in the street, the rod e is 
worked horizontally, by means of* a 
key fitting the axle of the pinion ; 
and in this case fig. 63 becomes a 
plan in section, and the disk moves 
sideways instead of vertically, to open 
the communication between the pipes. 

Another kind of valve has come into use in gas-works during 
the last few years : a disk similar to that ^\n%^\ 




Fig. 64. 
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64 is pressed by a screw upon a faced rim, and when the 
screw is tightened, the contact is so perfect as to prevent the 
slightest escape of gas. When the screw is relieved, the disk 
ma j he raised so as to afford any required opening for the flow 
of the gas : the screw may he placed either horizontally or ver- 
tically, and this kind of valve is perhaps more correct and cer- 
tain in its action than the spring slide-valve. 

Mr. Clegg describes an ingenious contrivance by Mr. Lowe 
for intercepting the passage of gas in a main where there hap- 
pens to be no valve in the neighbourhood. This is effected by 
filling np the main with a bladder distended by common atmo- 
spheric air, the mode of proceeding being as follows : 

Supposing a fracture or joint to be repaired, for which pur- 
pose the pipe has to be taken up from a long length of main; 
provide two bladders, each furnished with a tube and stop- 
cock, then drill a hole 1£ inch in diameter in the main pipe on 
each side of the place to be operated on, and insert the lower 
end of the empty bladder into the main : the bladder is then 
to be inflated through the tube at the mouth, till it expands 
and fills up the main, when the stop-cock is turned in order to 
confine the air. When the repairs to the pipes are finished, the 
air may be let out of the bladders, which can then be with- 
drawn, and the holes in the main stopped up either by means 
of a wooden plug or by screwing in an iron pin. 



APPARATUS FOR RECORDING PRESSURE. 

Various contrivances, under the name of pressure-gauges, 
pressure-indicators, and tell-tales attached to the clock-face of 
the meter, are employed in gas-works for the purpose of 
recording the pressure of the gas at different hours of the 
night and day, and also for pointing out any irregularities 
which have taken place in the production of gas, and conse- 
quently the working of the retorts during the absence of the' 
superintendent. 

The pressure-gauge is an instrument for ascertaining the 
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pressure of the gas as it flows into the mains, and consists in 
its simplest form of a glass tube bent in the form of a horse- 
shoe, one extremity being open to the air and the other con- 
nected with a pipe through which the gas is passing. The 
tube is partly filled with coloured water, which, when no gas 
is pressing on the surface, stands at the same height in both 
legs of the tube. This height is therefore marked zero, and the 
tube is graduated into inches and tenths of an inch for a space 
of 4 or 5 inches on both sides of the line indicating zero. 
When the gas is admitted to the gauge, the water in one leg 
is depressed and in the other is raised, the pressure being 
equal to twice the reading on either of the legs. If the gra- 
duation were so made that 1 inch were marked 2, and so on, 
the pressure would be read off at once without requiring to be 
doubled, and the accuracy of the gauge would be as effectually 
checked as in the other cases by observing that the two 
readings corresponded with each other. Mr. Clegg recom- 
mends a form of gauge in which the tubes are straight and 
connected at top and bottom by a small chamber, the advan- 
tage being that the tubes can be more easily taken out and 
cleaned. 

The pressure-indicator is a contrivance employed with or 
without a governor to record the pressure at which the gas 
has been sent into the mains. The action of this instrument 
is automatic and continuous, requiring the application of dock- 
work to produce a uniformity of motion. There are two kinds 
of pressure-gauges, — namely, one in which the record is made 
on a sheet of paper revolving on a vertical axis, and the other 
made on a sheet revolving on a horizontal axis. 

The pressure-gauge, which records on a vertical sheet, con- 
sists of an inner and outer cylinder so contrived that the latter 
is immersed with its month downwards in the water of the 
former. A pipe leads from the main into the outer cylinder 
and passes up through the water so as to admit the gas into 
the space enclosed between the water and the inner cylinder. 
This inner cylinder is so adjusted as just to fort. ^&i\&\jis^ 
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and this continues till between 10 and 11, when most of the 
shop lights and private honse lights are extinguished. 
Another diminution occurs about 12 o'clock, when most of 
the public-house lights are put out, and few lights continue 
burning except the street lamps. The night pressure is fur- 
ther diminished to its minimum about the hour when the 
street lamps are extinguished, and continues at its minimum 
low state throughout the day. 




* CHAPTER XVI. 

ON THE GAS-METER. 

The whole history of the gas-meter is one of great philoso- 
phical interest. At a very early period it became an object of 
very great importance, both to the manufacturers and con- 
sumers of gas, to possess the means of measuring the con- 
sumption, in order that a proper adjustment of charges might 
be made. The system of charging the consumer an annual 
rent for a certain number of burners, on the supposition that 
these consumed a given quantity per hour and were used daily 
for a certain number of hours, was found to be perfectly vague 
and unsatisfactory. It obviously afforded the means of so 
much fraud that gas companies were necessarily obliged to 
leave an ample margin to cover the contingencies of dishonest 
burning, so that the conscientious consumer was charged 
heavily to make up for the delinquencies of a large class who 
were not so scrupulous. Hence it appears perfectly natural 
that the great array of mechanical talent which has been from 
the first so active in the improvement of all kinds of gas ma- 
chinery should have directed unwearied attention to the con- 
trivance of apparatus for ascertaining with accuracy the quan- 
r£r afgaa burnt by each consumer. Accordingly we find the 
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names of all the great gas inventors amongst those who have 
from time to time introduced improvements in the meter. 

I do not propose in this little volume to attempt anything 
like an account of these successive improvements, as even to 
glance at the several steps by which the meter has reached its 
present state of perfection would swell its limits to an unrea- 
sonable extent. I shall rather confine myself to a brief notice 
of the meters used at the present day. 

These are of two principal kinds, — the wet and dry meter, 
— each of which has its advocates, although the opinions of 
gas mechanicians decidedly preponderate in favour of the wet 
meter. I shall only very briefly allude to the dry meter, and 
then proceed to a short description of the wet meter, which is ' 
far more extensively used than the other, and is generally 
preferred by those who have examined both kinds. 

The dry meter combines in itself the principal features of 
two very important machines, namely, the common bellows 
and the piston of the steam engine. 

It has been observed that the first dry meters very 
much resembled the bellows in their action, while the most 
improved forms combine a motion analogous to that of the pis- 
ton in the steam engine. 

The principle of the dry meter will be best understood by 
referring to the action of the common bellows. When the 
upper leaf of this well-known domestic implement is raised, a 
partial vacuum is produced in the interior of the bellows, 
whereupon the external air raises the valve in the lower leaf 
and enters the inside. When the upper leaf is now depressed, 
the valve is immediately closed and the air expelled through 
the nozzle of the bellows. If we now conceive the upper leaf 
of the bellows to be attached to clock-work so as to register 
the number of times which the bellows has been thus filled 
and emptied, it is evident, that knowing the capacity of the 
bellows when expanded, we obtain the means of measuring the 
quantity of air which has passed through. 

Now in the dry meter, gas is measured.^ ^& *taeroa&& 

A 
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pansion and contraction of a chamber which may very aptly 
be compared to the expanding and contracting chamber of the 
bellows. This chamber varies considerably in its shape in dif- 
ferent kinds of meters. For example, in Defries* meter there 
are three measuring chambers, separated from each other by 
flexible partitions of leather, which are strengthened by metal 
plates. When the chambers are in a contracted or collapsed 
state, the leather disks are upright and parallel, but when ex- 
panded by gas, they assume a conical form, which produces the 
enlarged or expanded form of the chamber. The alternate 
motion of the flexible disk, as it forms a cone first on one side 
of its vertical axis and then on the other, is communicated by 
wheel-work to the measuring machinery. It was found when 
only two flexible partitions were used in this kind of meter 
that the lights were liable to oscillate, a defect which is 
remedied in a great measure by having three measuring cham- 
bers, the gas being admitted into these and passing off from 
them by means of an ingenious system of valves, which are 
opened and closed by the same power which registers the mea- 
surement, — namely, that of the gas itself. 

Another form of dry meter is that used by^ Messrs. Croll and 
Glover, in which metallic disks are used, and these move 
always parallel to each other and in a perpendicular direction. 
For a ten-light meter the area of the disk is usually made 
10 inches, the height of the measuring chamber being about 
1 2 inches, and breadth about 7 inches. This rectangular space 
is divided into two parts by a partition parallel to the disks, 
one of which works on each side of the central partition. Each 
of the disks is connected to the central partition by a flexible 
band of leather attached to the circumference of the disk, so 
as to allow it to move freely backwards and forwards. During 
the motion of the disks they are kept upright and parallel to 
each other by a combination of jointed rods placed behind 
them. The two measuring chambers of this meter are formed 
by the space between the central partition and the disk on 
each side of it, and the accuracy of the measurement depends 
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on the regular and uniform expansion of the flexible band 
which forms the side of the chamber, so that the capacity of 
the chambers shall be invariably the same every time they are 
expanded. 

The action of the metallic disks in this meter has been com- 
pared to that of the piston in a steam engine, and there is cer- 
tainly a considerable analogy if the comparison be made with 
the horizontal cylinders of a locomotive engine, in which the 
motion of the piston is precisely the same as that of the disks 
in this kind of meter. The system of slide-valves for admitting 
the gas to the inside and outside of the cylinders and to the 
exit pipe is extremely ingenious, and consists of a double series 
of apertures, two of which lead respectively to the inside and 
outside of one chamber, while the third in each series commu- 
nicates with the exit pipe from each chamber. 

There are many other makers of dry meters besides the two 

firms which have been mentioned, but the difference in the 

» 

form of meter manufactured is generally very slight, and the 
principal modifications of the dry meter are those which have 
just been noticed. It does not fall within our province to 
make any comparison between the different forms of dry meter, 
and we therefore proceed to the consideration of the wet 
meter. 

THE WET METER. 

The most complete form of meter is the ordinary consumers' 
meter, which is made of various sizes, suitable for three lights 
and upwards, and contains several contrivances for shutting off 
the supply of gas under certain circumstances and for regu- 
lating the height of the water, which are not necessary in the 
large station meters. 

By reference to figs. 66 and 67 the general forms of the 
consumers' meter will be understood. Fig. 66, on a scale of 
one-fourth of the actual size, is a section parallel to the front 
of the meter, showing the receiving chamber cut in two. 
Fig. 67, on the same scale, is a ctosa ^cl\oxi\Jsawx^^^\B!^jst' 



246 



THE WET METEE. 



« 




to 
fcb 




THE WET METER. 247 

showing both the receiving chamber and the wheel-case in 
which the meter-wheel revolves. 

The receiving chamber is provided with an inlet-pipe a, a 
pipe b with a top which unscrews for the purpose of admitting 
water to the meter, a waste-pipe c, the top of which is level 
with the exact height at which the water is intended to stand, 
and so placed that the meter cannot be filled with water above 
this level : d is the waste water box, and e a pipe, the lower end 
of which is sealed by dipping'into water, and which serves to 
draw off the water from the waste water box without allowing 
any of the gas to escape ;// is a lever-valve acted on by a ball- 
float and fixed in a perfectly air-tight box, so that no gas can 
enter the receiving chamber unless the float is buoyed up at 
such a height as to lift the valve into the position shown in 
fig. 66; ffis the upright shaft which carries the wheel-work for 
giving motion to the hands of the dial, and is worked by a spiral 
worm on the axis of the meter- wheel which gives motion to a 
wheel at the base of g ; A A is the level of the water, and i is 
the pipe by which the gas leaves the meter and goes off to the 
burners : I is the inlet-pipe by which the gas passes from the 
receiving chamber into the wheel-case. 

In fig. 67, k k is the wheel-case, and the other letters of refer- 
ence indicate the same parts as in fig. 66. 

The only point of any difficulty in the meter is the construc- 
tion of the wheel, and this from its peculiar shape is by no 
means easy to describe. It may be defined as a hollow cylin- 
der, somewhat less in diameter than the wheel- case, con- 
structed of very light sheet metal, and provided with a hollow 
axis whose diameter is about one-seventh that of the cylinder 
itself. 

The space between the axis and the inner periphery of the 
cylinder is divided into four chambers, the planes of division 
being placed obliquely to the face of the wheel, which has been 
compared to a four-threaded Archimedean screw. In fig. 67 
the trapezoidal form of one of these chambers is seen, and 
fig. 68 is a front view of the wheel Va. 'wYnSdl ^ofc \to^^ 
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Fig. 68. 




through which the gas is admitted to the chambers, are shown 
by the full lines a a, &c. The dotted lines marked bb, &c 
show the outlet-slits on the other side of the wheel, while 
each pair of lines marked c d shows the position of one of the 
oblique division plates which complete the chambers. 

These wheels are of course made with great accuracy, be- 
cause on the exact capacity of the four measuring chambers, 
as bounded on one side by the water and on all other sides by 
the metal plates, depends the correct registration of the wheel. 

The action of the meter will now be readily understood: 
the gas entering into the receiving chamber passes through the 
pipes c and I above the level of the water at A A into the inte- 
rior of the wheel, when it enters that chamber whose inlet-slit 
happens to be above the surface of the water. Having filled 
this chamber and overcome the very trifling resistance of the 
wheel arising from the friction of its bearings and of the part 
moving through the water, it causes the wheel to revolve, while 
at the same time an outlet-slit is rising up on the other side of 
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the wheel, through which the gas escapes into the case and 
passes off through pipe i. The train of wheel-work giving 
motion to the hands on the dials is very simple, each pinion 
working into a wheel containing ten times as many teeth as 
itself: the ordinary dials register hundreds, thousands, and 
tens of thousands, the whole of which are actually indicated, 
while the parts of a hundred feet are read by estimation. 

It was formerly objected against gas companies that frauds 
were practised on the consumers by keeping the water too 
high in the meters, whereby the capacity of the measuring 
chamber was diminished, and the whole effect produced of 
dealing out short measure to the consumer. Meters, however, 
constructed on the principle shown in our engraving cannot be 
tampered with in this way, and provided the waste-pipe be 
once properly adjusted at the correct height to correspond with 
the capacity of the chamber, the meter must ever afterwards 
register correctly in this particular. On the other hand, the 
gas company is effectually protected against fraud on the part 
of the consumer by means of the float-valve, which will imme- 
diately close and prevent all admission of gas, should it be 
attempted to let out the water for the purpose of enlarging the 
measuring chamber, or causing the gas to pass through with- 
out turning the wheel at all. 

Frauds are sometimes practised by tilting the meter on 
one side, but this experiment is so dangerous as to deter any 
but a very determined rogue from attempting it. Generally 
speaking, the gas companies by their power of inspection and 
other privileges are sufficiently protected, and I believe that 
frauds occasioned by consumers tampering with the meters are 
now of rare occurrence. 

The whole of the preceding description applies to the con- 
sumers' meter, which is made of all sizes, with drums or 
wheels varying from 10 inches up to 60 inches, and calculated 
to measure the gas for any number of burners from three to 
eight hundred. 

Station meters are now commonly mwte mftv \*\i*&& «s»r&^ 
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the same as that described for the consumers' meter. The 
station meter, however, is much simpler, being merely provided 
at the back with an inlet and outlet pipe for the gas, both of 
which open at once into the meter-case. It has also water* 
gauges, by which the height of the water can always be ad- 
justed to the proper level. 

The station meter, however, contains none of the apparatus 
marked cde/ia figures 66 and 67. The shaft of the meter- 
wheel carries a pinion which forms the first of the train of 
wheels giving motion to the hands on the dials. Station me- 
ters are now made of very large capacity. Mr. Wright has 
recently erected one at the Western Gas -Works which regis- 
ters 400 feet at every revolution, and as the best speed is 100 
revolutions per hour, this meter is capable of measuring 40,000 
feet of gas per hour. The same gentleman has also erected a 
station meter in Dublin which is said to be one of the largest 
in the world, and capable of registering 50,000 cubic feet per 
hour. 

_ Fig. 69 is an elevation on a scale of 4 feet equal to 1 inch of 
the station meter at the Western Company's Works. The 
diameter of the wheel is 9 feet 9 inches, and its breadth 
8 feet. The inlet and outlet pipes are each 14 inches in 
diameter. 

The dial face of a station meter usually contains six dials, the 
hands of which register in succession from hundreds up to ten 
millions. Besides this, the dial face has a clock, to the minute 
hand of which is attached a rod carrying a pencil, which indi- 
cates the working of the meter, or the production of gas at 
each period of time throughout the twenty-four hours. 

This contrivance, which is called the tell-tale, requires the 
dial on which the pencil works to revolve on its axis ; and the 
dial has also attached to it a sheet of paper divided into 
twenty- four parts, to correspond with half-hours, and also fre- 
quently having two or more concentric circles marked on it. 
An inspection of the sheet of paper so marked at once shows 
the production of gas has beea regular and progressive 
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Fig. 69. 




at all hours both of night and day, so that it affords the super- 
intendent a good check on the workmen during his absence. 



CHAPTER XVII. 

DISTRIBUTION OF GAS. 
ON THE CHOICE OF A SITE FOR GAS-WORKS. 

In the largest class of towns the favourite locality for gas-works 
has generally been the side of a river or canal, which commonly 
furnishes an advantageous level, kdA a.t ftw* wk *osn» 'Qm**- 



252 OX THE CHOICS Or A 8ITB 

the convenience of water carriage for the supply of the coal, 
the principal heavy article concerned in the manufacture of 
gas. Since the general establishment of railways, howerer, in 
nearly all the civilized countries in the world a site contiguous 
to the railway is frequently found equally advantageous as fir 
as economy of transit is concerned. The level of the railway 
being seldom so low as that of a river, which generally 
follows the very lowest levels of the country, a necessity has 
been created for laying some of the mains with a downward 
inclination, and this necessity has drawn inquiry towards the 
circumstances under which this may be done, and the limits 
within which districts lying below the site of the works can be 
advantageously supplied with gas. 

It can scarcely be necessary to remark that a fluid like gas, 
liaving seldom half the specific gravity of common air, will 
always have a tendency to ascend in pipes. Two consequences 
follow immediately from the relative lightness of gas as com- 
pared with common air, — namely, that except for the pressure 
with which the gas is sent into the mains, it would never 
descend in any pipe, and, in fact, would scarcely travel in a 
horizontal main ; and, secondly, it follows that the highest 
lights in any district, and even in an individual house, always 
burn with more brilliancy than the lower ones, because at the 
greater elevation the gas has less resistance to overcome, so 
that it issues from the burners with more force and buoyancy. 

In large towns where extensive gas-works are to be erected 
in suburban situations, it is very desirable to select the neigh- 
bourhood of a railway and to lay down a branch line of rails 
communicating with the retort-house. The Central Gas Con- 
sumers' Works at Bow Common afford an instance of this 
arrangement. A branch railway is there laid down connecting 
the works with the railways which serve for the supply of 
coal. The rails are laid actually into the retort-house, so that 
the coal-waggons are brought immediately in front of the 
retorts. The rails are elevated a sufficient height above the 
ground to allow the waggons to tVp mth, perfect ease* so that 



FOE GAS-WORK8. 253 

nothing can exceed the convenience and economy of the 
arrangement for supplying the coal for the retorts. 

It is probable that similar connections between gas-works 
and railways will be made whenever, in future, new establish- 
ments are called for in the neighbourhood of large towns. 
Already many towns of minor importance are being favoured 
with an establishment for gas-making, owing to the proximity 
of a railway station where coals can be delivered alongside 
without the expense of carriage on ordinary roads. The 
railway companies would do well to encourage the establish- 
ment of gas-works even for very small towns, as in addition to 
the traffic in coal which it produces, they obtain the advantage 
of lighting their stations by gas. The most eligible situation 
for erecting gas-works close to a railway station is where the 
railway is on an embankment 12 or 14 feet high. A siding 
should here be constructed, on which the coal-waggons turn 
out of the main line and discharge their contents through shoots 
or other well-known contrivances. The retort-house should 
be erected as close to the siding as convenient, so that the coal 
as delivered from the waggons will be quite ready for charging 
the retorts, and all expense, both of carting and wheeling the 
coal, will be avoided. In the north of England this juxta- 
position of gas-works and railways is by no means uncommon, 
and many small towns are reaping the advantage of lighting 
by gas which might otherwise have long been without so great 
a blessing. 

There are many other circumstances besides the facilities for 
distributing the gas and those connected with the conveyance of 
coal which must enter largely into consideration in the choice 
of a site. These circumstances frequently arise out of the 
relative value of property and the means of acquiring it, and 
become so purely of a local nature that no general observa- 
tions would have any value as applied to them. A dry 
situation is of course highly desirable, as many of the pipes 
and connections are under-ground and would be much inter-> 
fered with by water. During the Aate &\3&&Vtw& WA<^ \&sss<| 



254 CHOICE OF A StTE FOR GAS-WORKS. 

gas-works hare suffered very much from the ground being 
submerged in water, and in such cases the towns depending 
on them hare had to submit to a state of total darkness for 
some nights and eren weeks. Considerations of this nature, 
and also those connected with the solidity of the ground and 
its proper capacity to sustain the buildings to be erected, will 
naturally occupy the attention of the Engineer in laying 
down a design for new gas-works. 

It is very important to have a good map, not only of the 
site of the works but of the whole district to be supplied with 
gas ; on this map the course of all the mains should he laid 
down, and the position of all governors, siphons, and water 
receivers should be marked. 

In addition to a mere surface plan, a network of levels 
should be taken over the whole district, and the grades or 
inclinations of all the mains marked on. The relative eleva- 
tions of the whole district with reference to some fixed point 
near the gas-holder would be best shown by contour lines of 
equal heights drawn throughout the district. When the town 
is nearly all on the same level, contour lines may be laid down 
at intervals of a foot or 18 inches of vertical height, but where 
the streets are very steep, intervals of 3 or 4 feet would be 
sufficient. The best rule for laying on the contours is, that 
they ought to be so frequent as to show by a mere inspection 
of the map the level of every part of the surface with reference 
to the fixed datum point. 

The admirable surveys of towns made under the directions 
of the Officers of the Corps of Royal Engineers, and plotted on 
a scale of 5 feet to 1 inch, are exceedingly well adapted for the 
delineation of gas and water pipes. The further information 
relative to the levels of the streets, the inclination of the 
mains, &c. will be readily added by a competent person, and 
will constitute the map a very valuable instrument in the 
hands of the Gas Company. There are no doubt abundant ex- 
amples of the same kind of mistakes made by Gas and Water 
Companies as by Commissioners o€ &twera to ^«at of nroger 
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maps delineating their under-ground works. Much economy 
and efficacy may be expected where tjie circumstances of each 
district as to levels and pressure can be at once ascertained, 
while on the other hand great losses are frequently occasioned 
by an ignorance of such particulars. It has been asserted by 
a writer on this subject that in a street of half a mile in length 
not less than twelve receivers have been discovered on taking 
up the main, while one, or at most two, would have been 
sufficient to drain the main. Blunders of this kind are 
evidently occasioned by the want of maps to refer to, showing 
the works already executed, and which would have rendered 
unnecessary the repeated reconstruction of the same works. 

ON THE LAYING OF MAINS FOR DISTRIBUTING GAS. 

In wide streets mains are frequently laid on each side, and 
they must be laid of such a depth as to be out of the reach of 
frost, usually from \\ to 2 feet below the surface of the 
ground. Wherever the main, in following the irregularities of 
the surface, has a depression formed in it, a siphon or water- 
receiver becomes necessary to allow the water to drain from it, 
and this siphon will also receive any condensed water which 
might otherwise lodge in the pipes and obstruct the flow 
of gas. 

These water-receivers are generally made twice the diameter 
of the main, with a depth equal to four times the diameter of 
the main. When the mains are in good order and tree from 
leakage, the quantity of water collected in the receivers is very 
inconsiderable, and does not require to be removed more than 
once a year, except in very wet weather. When the main is 
leaky, however, not only does the atmospheric air enter, but 
water also penetrates, and the receivers become very soon 
filled. 

Gas mains are usually cast in lengths of 9 feet, with a 
socket at one end and a plain semicircular bead at the other. 
The length of the socket is usually *bo\& \\ \&&£&) *s^\m** 
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diameter from J to an inch larger than the outside diameter of 
the pipe, so as to leave a space of from £ to -J an inch between 
the pipe and the socket when laid together. Pipes np to 
3 inches diameter are usually made with £ inch thickness of 
metal, from 3 to 6 inches with f- inch, from 6 to 10 inches 
with j- an inch, from 10 to 13 inches with f inch thickness, 
from 13 to 15 inches with J of an inch, from 15 to 18 inches 
with i inch, and so on ; the open end of the socket being 
sometimes strengthened a little beyond these dimensions. 

Mr. Clegg recommends that the mains should be proved by 
the pressure of a column of water equal to 250 or 300 feet 
high, and if any moisture be detected on the outside, the pipe 
should be examined for cracks or flaws, and if these exist it 
should be at once rejected. A sound pipe will generally be 
distinguished from an imperfect casting by the ringing sound 
which it gives out when struck smartly with a hammer. 

The joints of gas mains are usually made in London with 
tarred gaskets of spun-yarn driven into the socket for about 
half its length, and the remaining opening filled with lead, 
which is well driven in with a blunt caulking iron. When the 
gaskets are first well soaked in hot pitch and tallow, and the 
joint well smeared over with pitch, this kind of joint is said to 
answer well. 

Mr. Clegg, however, describes another mode of making the 
joints without lead, which was used successfully in laying the 
pipes for the Atmospheric Railway, and which he prefers on 
account of the greater elasticity in the joint than where lead is 
used. 

This joint is made by caulking " into the bottom of the 
socket, to the depth of about 2 inches, white rope-yarn well 
covered with putty; then at the lip of the socket caulk in tarred 
gaskets, of such a thickness that it will just fit into the annular 
space left between the pipe and the socket, and to such a 
depth that a space of about 1-J- inch will be left between the 
two yarns all round the pipe. At the top of the socket where 
the ends of the tar gaskets meet, draw \i\* a portion to form a 
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' gate/ exactly in the same way as for running a lead joint : 
take two parts of melted Russian tallow and one part of com- 
mon vegetable oil, and pour the mixture while it is warm into 
the ' gate ;' it will run into and fill up the space between the 
two yarns. As the mixture does not contract on cooling and 
is quite impervious to the air, it must form an air-tight 
joint." 

A very superior plan of jointing pipes has been used for 
some years in Liverpool and Manchester, which is found 
highly successful when the pipes are laid in straight lines or 
in curves of large radius. In this method the socket of the 
pipe is bored with a slightly conical opening, and the small end 
turned with a similarly conical figure to fit the socket. The 
two ends of the pipe are covered with a mixture of white and 
red lead, and being brought together are driven home by blows 
of a mallet. It is said that this joint is perfectly tight, and 
that no change of temperature will cause it to leak. This 
method of making the joints has been adopted wherever prac- 
ticable in laying the mains of the Philadelphia Gas -Works. 

It has lately been proposed to use vulcanized India-rubber 
rings between the joints of water and gas pipes, and an able 
Report, very much in favour of this material, has been made by 
Mr. Wicksteed, Engineer to the East London Water-Works. 
In applying India-rubber rings to the joints the socket end is 
cast as usual to receive the spigot end of the pipe ; the spigot 
end, instead of being cast with a plain narrow bead, has a band 
or fillet cast on it at the extremity, and a similar band sur- 
rounding it at about 3 or 4 inches from the end. Between 
these two bands rests the circular ring of India-rubber, which 
is stretched over the spigot end of the pipe ready to be inserted 
in the socket. These bands may project beyond the outer 
diameter of the spigot end about a quarter of an inch all round 
for pipes up to 12 inches diameter, and generally they project 
a little more than half the diameter of the India-rubber ring. 
Between the bands and the inside diameter of the socket there 
is a play of about a sixteenth of an in&li «&to\*$&,«&s^^£^ 
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posing the band to project -^ths of an inch, it is evident that 
the India-rubber ring must be compressed into a thickness of 
a quarter of an inch, while its breadth is considerably more 
than this. The compression causes the India-rubber ring to 
assume the shape of a flat belt, always striving to regain the 
circular form, and therefore exerting an immense resistance 
against any pressure employed to displace it. Mr. Wicksteed, 
in a comparison between the cost of lead joints and those made 
with vulcanized India-rubber, deduces a considerable saving in 
favour of the latter. As there was some doubt whether this 
material would resist the action of certain chemical agents 
contained in coal gas, the opinion of Mr. Aikin was requested 
on this subject. It was known that naphtha, one of the pro- 
ducts of distillation frequently found in coal gas, was capable 
of dissolving caoutchouc, but Mr. Aikin reports that naphtha 
has no other effect on vulcanized caoutchouc than that of 
causing it to swell, which would obviously rather increase the 
soundness of the joint than otherwise. He also observes that 
the resistance or spring of vulcanized India-rubber is far more 
complete than that of unvulcanized caoutchouc, and that the 
elasticity of the former is much more durable. On the whole, 
the opinions of Mr. Wicksteed and Mr. Aikin are decidedly in 
favour of the employment of caoutchouc rings for the joints 
both of water and gas pipes. 

Although there are no very definite or exact determinations 
on the subject, it seems to be generally admitted that gas 
should flow out of the holders with a pressure of 1 j- to 3 inches 
head of water, and should proceed along a main till it reaches 
a point for distribution, where Mr. Clegg recommends an 
equilibrium cylinder to be fixed. No supply whatever should 
be taken from the main till it reaches this cylinder, which 
should be fixed at a place where several streets diverge, and 
where consequently more than one main is required. 

The supply of gas from this cylinder should, according to 
Mr. Clegg, be so regulated as to cause the gas to flow into 
the branches at a pressure of half an inch of water. 
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Adopting this view, we shall be able to estimate the irregu- 
larity in the inclination of the pipes which would be overcome 
by the pressure at the equilibrium cylinder. It is evident that 
with a depression of less than 50 feet the whole pressure at the 
equilibrium cylinder would be absorbed, and the gas would not 
move at all. Practically the limit of depression which may be 
safely resorted to is much less than this, and 25 feet will pro- 
bably be as great a depression as would in any case be judicious, 
and even with such a depression as this it would be better to 
have the pressure at the equilibrium cylinder somewhat more 
than half an inch. 

Mr. Clegg recommends, wherever practicable, that the main 
pipes should be connected to each other by cross pipes, which 
produce the effect of equalizing the pressure of the gas at every 
point. Where this is not practicable, and where the irregu- 
larities of the district to be lighted are considerable, he recom- 
mends the use of a governor to reduce the pressure in the 
higher districts. It is generally considered that a governor 
is necessary when a difference of level equal to 30 feet exists, 
so that there are many towns which would require several 
governors in order to make the pressure uniform or nearly 
so in all the mains. 



ON THE LEAKAGE OF MAINS. 

This is a subject of great importance, and one which varies 
so much under different circumstances as to produce great in- 
fluence on the returns of gas companies. Where every degree 
of foresight aud economy has been exercised in the actual 
manufacture of the gas, it may afterwards be so much 
diminished by leakage between the gas-holder and the meters 
of the consumers as to reduce the profits of the company to an 
alarming extent. The amount of leakage is variously estimated 
at from 10 to 30 per cent. Many gas managers insist, that 
when the mains are properly laid and the joints properly 
made, the loss by leakage should not, «is&*&A^ ^t oe^ 
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Mr. Croll in his parliamentary evidence estimated that one* 
sixth of the whole gas sent out would he absorbed bj leakage 
and stealage. Besides these sources of loss, there is a diminn* 
tion of gas by condensation in passing through under-ground 
mains at a low temperature. 

Mains are now made in a very superior manner, and the 
oldest gas-works are those in which the most extensive leakage 
prevails. There is also reason to suppose that the pipes are 
now cast in a superior manner, the metal being closer and 
more solid in texture, so as not to admit of so much leakage as 
that which prevails in porous and imperfect castings. 

It is remarkable that although gas in passing through the 
mains is always under a certain pressure which is generally 
supposed favourable to leakage, yet Professor Graham has 
found on examining the gas that as much as 25 per cent, 
of atmospheric air has penetrated the pipes and mingled with 
the gas. This is an instance of that curious process termed by 
chemists endosmose, by virtue of which gases will pass through 
solid barriers and enter into a state of mixture with each 
other. Professor Brande is of opinion, that in common coal 
gas, ammonia and some of its compounds are probably con- 
cerned in some of the curious phenomena of exosmose and 
endosmose. The peculiar penetrating properties of ammonia 
are well known, and the Professor thinks that the fetid odours 
which accompany gas mains and pervade the soil surrounding 
them are more attributable to the escape of ammonia than to 
the tar and naphtha which have hitherto been supposed to 
cause them. 

Not only is such a mixture of coal gas and atmospheric air 
frequently effected, but there are many instances in which gas 
has been known to enter water-pipes to the great injury 
of health, and even to the danger of explosions, which have 
more than once been occasioned through this cause. 

The porosity of cast iron has long been a well-ascertained 
fact, and numerous experiments have been quoted to show 
that under high pressure even water may be forced through 
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its pores and made to appear as a damp film on the outside of 
pipes. It is also certain that ordinary cast-iron pipes are 
permeable by gas, as the soil in contact with gas-pipes is 
almost invariably found to be saturated with gas, nor is the 
saturation confined to the joints, but continuous throughout 
the length of the pipes. These facts render it evident that 
great attention should be paid to the quality of the cast iron 
of which the pipes are composed, and that the pipes them- 
selves should be tested by a pressure of water as in the case of 
water-pipes. Much greater attention is also now paid to the 
joints, which are made in a very superior manner to that 
formerly in use. 

The effect of too great a pressure on the gas when delivered 
into the mains tends considerably to increase the leakage. Mr. 
Low mentions a case in which a loss of 75 per cent, of all the 
gas made was sustained by the Company, and this great loss 
he states was principally due to a pressure of 2 inches head of 
water which had been kept on the pipes. As soon as this 
pressure was diminished, the leakage was very considerably 
reduced. 

The loss of gas by leakage from the pipes is something 
enormous. Even by those who are remarkable for the close- 
ness and illiberality of their estimates it is computed at 10 per 
cent, of the whole quantity produced, whilst it is frequently 
estimated as high as one-third of the whole quantity when it 
serves the interests of the existing gas companies to put their 
expenses as high as possible for the purpose of preventing 
competition, reducing their parochial taxation, and other similar 
occasions. 

There can be little doubt that a great part of the gas lost in 
this way arises from the present vicious system of managing 
the streets in large towns. Three powerful interests, the 
Sewers' Commissioners, the Water Companies, and the Gas 
Companies, exercise an independent control over the subter- 
ranean thoroughfares of the metropolis, and one or other 
powerful company is perpetually tearing w^ ^ ^^^ ^ 
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order to repair their old works or construct new ones. The 
gas mains and service-pipes may be seen meandering under- 
ground interwoven with the water-pipes whenever the surface 
is broken up and a foot or two of earth removed. Commonly 
a peculiar stench reveals the escape of gas whenever the pipe is 
exposed, but independently of this, the soil saturated with 
black carbon and other matters left by the gas in percolating 
through it proclaims the fact that in all the public streets a very 
serious leakage of gas is daily and hourly taking place. The 
remedy for this and a hundred other evils connected with the 
present system is to have all the sewers, water-pipes, and gas- 
pipes laid in an arched gallery or passage, to be made under 
every street, wide and large enough to carry all the various 
trunks required for sanitary and other economical purposes in 
large cities. Every improvement, like the Electric Telegraph, 
requiring under-ground wires to be laid down, affords an addi- 
tional argument in favour of such a provision. 

To this passage or gallery there should be ample means of 
access? and permission to traverse it at all times should be 
afforded to the various agents of public and other companies 
whose property is laid down under-ground. Public officers 
should also be appointed to inspect all the sewers, water-pipes, 
and gas-pipes which traverse the galleries, to see that all 
repairs are immediately executed and that no leakage occurs 
in any of them. If this plan were carried out, I believe the 
sanitary interests of the metropolis would be enormously 
benefited, and the present wicked waste of gas in a great 
measure prevented, as all leaks would soon be discovered and 
repaired. 

At the same time it must be admitted that some part of the 
loss which takes place in gas passing through street mains is 
unavoidable, and can scarcely be guarded against by any pre- 
cautions. Amongst these is the loss caused by condensation, 
which is said at some works to amount to a very considerable 
portion of the whole deficiency. Working at a high pressure 
should be avoided if possible, as it contributes considerably to 
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the leakage. Nevertheless, there are many instances, as that 
of the Great Central Gas Company and that of the Western 
Gas Company, where a pressure of from 2 to 4 inches of water 
is required in consequence of the great distance from the works 
to the districts which they supply. 



ON THE FLOW OF GAS THROUGH PIPE8. 

In determining the size of main pipes capable of distributing 
given quantities of gas, it is necessary to combine certain 
empirical results derived from experiment with certain laws 
applicable to the movement of fluids. The modes of calcu- 
lation usually resorted to for determining the dimensions of 
mains will be more simply discussed by dividing the subject 
under three separate heads: 1st, the motion of gas through 
simple orifices ; 2nd, its motion through horizontal pipes ; and 
3rd, its motion through pipes varying from the horizontal 
direction. 

I. Motion through simple orifices. • 

The theoretical laws which apply to this case are the fol- 
lowing : 

1. The velocity with which gas issues out of a simple 
orifice is as the square root of the head of water by which it 
is pressed. The gas in this case follows the same simple law 
as water itself; and as the pressure applied to gas is usually 
estimated in inches of water, it is convenient to use this law 
in the form here expressed. Of course the quantity of gas 
discharged through any orifice being in proportion to the 
velocity, all other things being alike, it follows that the quan- 
tity of gas passing through any simple orifice is as the square 
root of the pressure. 

Let H be the height or depth of water in inches denoting 
the pressure on the gas, and let Q be the quantity of gas 
discharged through any orifice with that pressure. Let k be 
any other depth of water, also in inches, for which it is 
required to ascertain the quantity q. Then 
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V'H : ^h : : Q : q or — =- = q . . . . (1) 

In order to illustrate this, it may be stated that the quantity 
discharged under 4 inches head of water will be twice as much 
as under 1 inch. The quantity under 9 inches will be three 
times as much as under 1 inch ; and in the same proportion 
for any intermediate pressures. 

The rule may be thus expressed in words. Multiply the 
quantity of gas delivered under the pressure of any known 
depth of water by the square root of the depth for which the 
quantity is required, and divide the product by the square 
root of the depth for which the quantity is known, the 
quotient will be the quantity delivered under the required 
pressure. 

Suppose it has been ascertained by experiment that under a 
pressure of 3 inches of water 400 cubic feet of gas are dis- 
charged per hour through a certain opening, it is required to 
know how many cubic feet of the same gas will be discharged 
through* the same opening with a pressure of 2 inches of water. 

V2 x 400 565-6 ««„,.„ 

Here — ^ — = j^2 = **' cubic feet, the quantity re- 
quired. 

2. The pressure remaining constant, the quantity of gas 
discharged through a simple orifice will be inversely as the 
square root of its specific gravity. It is evident that the 
lighter gas will flow out with a much higher velocity than the 
heavier, and the exact proportionate velocity of the two has 
long been proved to follow the law just quoted. 

Let G be the specific gravity of a gas whose rate of delivery 
through any orifice in a given time is equal to Q, and let it be 
required to find the quantity q which will be delivered under 
the same circumstances when the gas has a specific gravity 

equal to g. 

a/G o 
Here y/g : y/G : : Q : q or —j— = q . . . (2) 

Suppose it were known that cannel coal gas of specific 
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ivity '550 were delivered out of an orifice at the rate of 
feet per hour, and it is required to ascertain the rate at 
rich a very light inferior gas of specific gravity *360 would 
ss under the same pressure through the same orifice. 

Here — ,* = , fi = 494 cube feet per hour, the 

antity which would be delivered of the lighter gas. 

3. The pressure and specific gravity remaining constant, 

e discharges of the same gas through different openings are 

the areas of the openings, or as the squares of their dia- 
eters. Thus, all other circumstances being alike, an orifice 
' 2 inches diameter will discharge four times as much gas as 
ie of 1 inch. An orifice of 3 inches diameter will discharge 
ne times as much ; and so on. 

This rule is not strictly correct in practice, being based on 
e theoretical supposition of an entire absence of friction, 
nee there is less proportionate friction in a large opening, the 
scharge in practice is more than that assigned by theory for 
rge openings. Many gas engineers, however, have estimated 
ie size of their mains according to this law, and have not 
lought it advisable to reduce the size below that given by 
leory, because the excess allows for errors and imperfections 

laying the pipes, and for other contingencies which may 
>viously arise. 

Let D be the diameter of any orifice through which the 
lantity Q can be discharged, then the quantity q which will 
i discharged through any other opening of the diameter d 
11 be 

d% Q - n fT> 

-5F == fi r ( 3 ) 

>r example, suppose 1000 feet of gas are discharged per 
)ur through an orifice half an inch in diameter, required the 
lantity of the same gas which would be discharged through 
i orifice 4£ inches diameter. 

Here 1^™°° = ^g? = 76248, the quantity diacW^ 
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through the larger orifice. It is probable that several hundred 
feet more would be actually discharged than the quantity 
determined by theory, for the reason already stated. 

We now come to the combination of practical results with 
the theoretical rules which have been laid down for deter- 
mining what Mr. Clegg very properly calls the initial velocity 
of the gas, that is, the velocity with which it commences to 
flow through an opening, as distinguished from its velocity 
after passing through a main pipe of greater or less length. 
It is to be regretted that the practical experiments by which 
theory is to be compared, and in some cases modified, are here 
very scanty and insufficient. Mr. Clegg gives a Table showing 
the quantities discharged through a very small circular orifice 
of only one-fourth of an inch diameter at different pressures, 
from half an inch up to 5 inches. On calculating the quantities 
which ought to be discharged in proportion to the discharge 
under the lowest pressure, the results are sufficiently near, as 
will be seen from the following comparison : 

Table of the quantity of carburetted hydrogen gas of specific 
gravity '420 which will flow per hour through a circular 
orifice of one-fourth of an inch. 



Pressure. 


Quantity of Gas 

by experiment, 

in cubic feet. 


Quantity of Gas 

by calculation, 

in cubic feet. 


&inch 


80* 




1 „ 


113* 


111-7 


2 „ 


160-5 


160- 


3 „ 


195- 


1931 

• 


4 „ 


226- 


226-2 


5 „ 


253- 


253- 



Mr. Clegg has also another Table showing the quantity of 
gas of specific gravity '420 discharged by experiment and 
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calculation where the pressure remains constant at half an 
inch and the diameter of the orifice varies from one-fourth of 
an inch up to 6 inches. 



Diameter 
of orifice 
in inches. 


Quantities of Gaa discharged in 
cubic feet per hour. 


By experiment. 


By calculation. 


•25 


80 


« 


•50 


321 


320 


"75 


723 


720 


1-00 


1287 


1280 


1125 


1625 


1620 


1-25 


2010 


2000 


1-50 


2885 


2880 


6-00 


46150 


46080 



The excess in the experimental results is accounted for by 
the proportionate diminution of friction, as already explained. 

Assuming the primary experiment giving 80 cubic feet of 
gas of specific gravity *420 discharged through one-fourth of 
an inch orifice under a pressure of half an inch to be strictly 
correct and worthy of forming a basis, let it be required, by 
way of illustration, to determine the quantity of gas of specific 
gravity '500 discharged per hour through a circular orifice 
4 inches in diameter under a pressure of 2£ inches of water. 

First, To find the diminished quantity due to the increased 
specific gravity, we have 

*/-420x80 51-84' „„ „ xl _ -, ■*. * j » 

--.---- = -^— = 73-3, the quantity discharged of spe- 
cific gravity *500. 

Secondly, To find the increased quantity due to the larger 
orifice, we have 

16x73-3 1172-8 . omill . ., 4 .. * - . 
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specific gravity = '500 discharged through a circular orifice 
4 inches diameter. 

Thirdly, To find the increased quantity due to the pressure 
of 2 j- inches, we have 

V2Jx 18765 29649 A . Mi! ., . , 

^5 = T 70T = 41936, the rec l uired quantity of spe- 
cific gravity *500 which will he discharged in one hour from a 
4-inch circular opening under a pressure of 2J inches of water. 

We now come to the second and more important practical 
inquiry, namely, that of determmining the quantities of gas 
which will flow through mains of given length and area. 

Mr. Clegg quotes a series of six experiments, in which gas 
under a pressure of half an inch head of water was made to flow 
through various lengths of 6-inch pipe up to thirty-four yards. 
From these experiments he deduces the law that the quan- 
tities of gas discharged in equal times by a horizontal pipe 
under the same pressure and for different lengths are to one 
another in the inverse ratio of the square roots of the length. 
Taking as a basis Mr. Clegg' s first experiment, which gave a 
discharge of 44,280 feet per hour through a pipe 3*46 yards 
long, we shall find the quantity discharged through a pipe 
34*20 yards long by this proportion, 

x/34'20 : V 3 '46 : : 44280 : required quantity ; 

44280x^3-46 82361 , Mtxe%n . , . - 
° f V34-20 = 5*15 = 14 ° 83 * 6 rablC feet > *** * e 

quantity actually discharged by experiment is 14,080 cubic 
feet, an experiment sufficiently accurate for all practical pur- 
poses. This mode of calculating the discharge, although 
founded on a very scanty basis, appears to be the only one 
made use of by Mr. Clegg. Putting P for the product of the 
discharge through a 6 -inch pipe by the square root of 3*46 
yards the length of the pipe, and L the length in yards of any 
other 6-inch pipe, the discharge per hour through L will be 

P 
equal to —=, and as in this case the value of P is known, being 

82361 

=82361, the form becomes —jr m This formula only applies 
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to gas of the specific gravity '420 under a pressure of half an 
inch head of water. 

Putting D to represent any other diameter than 6 inches, 
we have the quantity discharged from such a pipe 

_ 82361 D 2 2288 D« 

~~ 36^L ~~ *T 
Putting g to represent the specific gravity of any other kind 
of gas, that of atmospheric air being 1, we have the quantity 
discharged of such a gas 

= 2288 D* ^^M = 2288 D V"84 A /£ 
= 2096 D* /JL (4) 



V i-f 



Also putting Q for the quantity of gas discharged per hour in 
cubic feet, we have 



D=V 



Q 
2096 '» ^ 



Mr. Clegg* has given a long series of Tables, all calculated 
according to this formula, showing the quantities of gas of 
specific gravity *420 delivered per hour from horizontal mains 
varying in length from 100 to 10,000 yards, and varying in 
diameter from 2 inches to 18 inches, under pressures varying 
from half an inch to 3 inches of water. There appears to be a 
general tendency to the belief that the actual quantities are 
much larger than those given in Mr. Clegg's Tables, or, which 
is the same thing, those which would result from the formula 
(4). For instance, in the recent important parliamentary 
inquiry into the case of the Great Central Gas Consumers' Com- 
pany, their Engineer, Mr. Croll, estimated that with a pres- 
sure of 2£ inches a quantity equal to 173,000 cubic feet of gas 
would be delivered at the end of a 26-inch main 2\ miles in 
length. Now if we calculate the quantity of gas which would 

* The work by Mr. Clegg which is referred to here and at other places 
in this little volume is the one published \yy lAx.^e&fc WSSA\» 
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be delivered from a main of this kind according to the basis of 
Mr. Clegg's Tables, we shall find it amount to less than half 
this quantity. 

We have seen (equation 4) that a general expression in the 
form x A = Q may be derived from any experiment, and that 
it is only necessary to determine the value of the coefficient i 
in this equation. The part A is always of course equal to 

D 2 a / —-, so that the coefficient x is equal to 

Q QJhg 

hg 

We shall now determine the value of x according to this 
equation from several other experiments on cdal gas. 



■v& 



Table showing the quantities of gas discharged from a pipe 
■fifc of an inch in diameter, in the experiments of M. Girard 
at the Hospital of St. Louis. In these experiments the 
density of the gas or the value ofg was '559, and the pres- 
sure or value ofYL was 1*34 inches. 

Quantity discharged from the equation 
Length of pipe, per hour, 

in yards. in cubic feet. 



* = 



41 99 

62 83 

93 74 

119 57 

138 53 



The coefficient according to these experiments 

It will he observed that the value of x calculated from these 
experiments varies from 1045 to 1198, being a difference be- 
tween the extremes equal to 14 per cent. The fairest way to 
adjust this variation in the experiments is, therefore, to take 
the mean and to assume the coefficient established by M. 
Girard at 1090. 




FLOW OP GAS THROUGH FIFES. 271 

The next experiments which we shall examine comprise a 
series of six given by Mr. Clegg in his work on Gas- 
Lighting. 

Table showing the quantity of gas of specific gravity *420 
discharged per hour, according to Mr. Clegg' s experiments, 
from a 6-inch main with a pressure equal to half an inch of 
water. 



feagthofpipe, 

is jsras* 


per boor, 
ia cable feet. 


Vahae of * flftafed 
from the eajaataoa 

d»Vh 


3 46 


44280 


2100 


4-5 


38838 


2100 


75 


30000 


2096 


16-5 


20270 


2099 


25- 


16460 


2099 


34-2 


14080 


2100 




6J 12594 



The coefficient derived from Mr. Clegg*! experiments 1 __ 
on a 6-inch main . • • • . • ./ ^^ 

Mr. Clegg gives a single experiment with a 4-inch main, in 
which he found that with a pressure equal to 3 inches, 852 
cubic feet of gas of specific gravity '398 were delivered from a 
main 10560 yards in length. The coefficient derived from 
this experiment is 



852 x V 10560 x -398 _ 

16 X V3 

Most of the following experiments are taken from a Paper 
by Mr. Pole. In the last column the value of the coefficient 
x has been calculated as before, and in order to present a clear 
view of the way in which this coefficient varies with the 
diameter of the main, the results of the previous experiments 
are repeated in the Table. 



272 



FLOW OF GAS THROUGH PIPX8. 



No. 
1 


Diameter of 
pipe, in 
inches. 


Length of 

pipe, in 

yards. 


Pressure, in 

inches of 

water. 


Specific 

gravity of 

gas, air 

being 1. 


Quantity dis- 
charged in 
cubic feet 
per hour. 


Value of< 

calculated 

from equation 

D VH 


05 


10 


1-25 


•4 


120 


860 




2 


05 


59 


1-25 


•4 


60 


1043 


» 


3 


0-62 


41 


1-34 


•559 


99 


1065^ 




4 


062 


62 


1-34 


•559 


83 


1096 




5 


0-62 


93 


1-34 


•559 


74 


1198 


• 


6 


0*62 


119 


1-34 


•559 


57 


1045 




7 


062 


138 


1*34 


•559 


53 


1047J 




8 


200 


25 


0-5 


•528 


1630 


2094 


9 


400 


10560 


30 


•398 


852 


1993 


10 


600 


346 


05 


•42 


44280 


2100^ 




11 


600 


45 


05 


•42 


38838 


2100 




12 


600 


7*5 


0-5 


•42 


30000 


2096 




13 


600 


16-5 


0-5 


•42 


20270 


2099 


► 


14 


6*00 


25- 


0-5 


•42 


16460 


2099 




15 


600 


34-2 


0-5 


•42 


14080 


2100J 




16 


800 


1842 


0-7 


•4 


6000 


3042 


17 


1000 


100 


300 


•4 


120000 


4382 


18 


1000 


1760 


300 


•4 


30000 


4596 


19 


18-00 


1760 


1-00 


•4 


66000 


5405 


20 


2600 


3130 


•8 


•42 


103000 


6173 


21 


26-00 


4300 


225 


•42 


175000 


6990 


22 


26-00 


4300 


0-475' 


•42 


80000 


7255 



Returning now to formula (4), according to which Mr. Clegg's 
Tables are calculated, on the supposition that x is equal to 
2096, we shall find on examining the above Table, that this co- 
efficient will not correspond with any of the experiments made 
on pipes of less diameter than 2 inches or greater than 
6 inches. For instance, the formula used by Mr. Clegg would 
give more than double the true quantity delivered when appKed 
to a pipe half an inch in diameter, and when applied to a 
main of 26 inches would give a result less than one-third of 
the true discharge from this main. To make this more clear, 
let us suppose it be required to calculate the delivery of gas 
according to the experiments above cited. For a half-inch 
pipe we have two experiments, one of which gives a coefficient 
of 860 and the other 1043, the mean of which is 952. Mr. 
Clegg's coefficient we have already seen is 2096, and the 
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coefficients derived from experiments on a 26-inch main are 
6173, 6990, and 7255, the mean of which is 6806. Hence if 
we were to establish a rule for finding the quantity of gas 
delivered, 

According to experiments on the i-inch pipe, the formula would be 



vs 



952 D* . . 

According to Mr. Clegg*s e xperim ents, it would be 

2096 D* A /JL 
According to experiments on the 26-inch main, it would be 



\/£ 



6806 D* _ . 

hg 

In examining these apparently irreconcileable results, the 
principal feature which immediately strikes us is, that the 
friction of the gas in passing through the pipes is not repre- 
sented or taken into account in any of the formulas. Now it 
appears that comparing the two coefficients 952 and 6806, one 
of which is seven times greater than the other, that a 26-inch 
pipe will deliver seven times the quantity due to its area 
as compared with a half-inch pipe. This is very nearly in the 
proportion of the square roots of the diameters, for 

952:6806:: */T: 5*055 

The root of 26 being 5*099, this ought to be the fourth term 
in the above proportion, but considering all the circumstances 
of the case the correspondence is tolerably near. 

It would be wearisome to go through a similar comparison 
with all the other experiments. It may suffice to say, that no 
other form of expression agrees so well with the experiments 
as that in which the quantities delivered are further increased 
as the square roots of the diameters. 

I therefore propose a formula in which the square root 
of the diameter shall be used as a multiplier, and will add 
a Table showing the results of all the preceding experiments 
when compared with quantities calcra&&ted\&l\£&^-s^ % 

m 5 
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It will be advisable to take the experiments on the 26-inch 
main as the most trustworthy ; and here, as we are going to in- 
troduce a new multiplier equal to 5*099, the square root of the 
diameter, we must of course divide the coefficient 6806 by 

5*099, in order to find the new coefficient. 

fiftftfi 
Hence r^r = 1335, the new coefficient required. The 

general formula then which I shall propose for calculating the 
quantities of gas delivered through pipes, in the present state 
of our knowledge, is 

1335 D« a/!"* .... (6) 

Table showing the quantities of gas delivered by experiment 
and theory in the following series of experiments, which are 
numbered to correspond with those in the Table at page 272. 



No. 



1 
2 
3 
4 



Quantity by 
experiment. 



8 



10 
11 



120 

60 

99 

83 

74 

57 

53 

1630 

852 

44280 

38838 



Quantity by 
calculation. 



132 

54 

97 

80 

65 

57 

53 

1481 

1130 

68726 

60556 



No. 



12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



Quantity by 
experiment. 



30000 

20270 

16460 

14080 

6000 

120000 

30000 

66000 

103000 

175000 

80000 



Quantity by 
calculation. 



46862 

31527 

25424 

22011 

7433 

115611 

27554 

69206 

113710 

162443 

74453 



I 



In this comparison of theoretical quantities with actual dis- 
charges it will be seen that considetehk differences exist. 
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With the exception of experiments 9 to 15, however, the dif- 
ferences are perhaps not more than might be expected when 
the numerous disturbing causes are taken into account. In 
the first place, the mains may not have been strictly horizon- 
tal, although assumed to hare been so by the authors of the 
experiments. Secondly, there may have been bends or angles 
in the course of the main, as in the case of experiment No. 9, 
which is recorded in Mr. Clegg's Treatise on Gas -Lighting, 
and was made on a pipe nearly six miles in length, the dis- 
charging extremity being brought round in a large circle nearly 
to the place where the gas first entered the pipe. In this ex- 
periment it will be observed the theoretical quantity is more 
than 30 per cent, in excess of the actual discharge. 

By far the greatest variation, however, is found in Mr. 
Clegg's experiments on 6-inch pipes (experiment 10 to 15), 
where the results by theory are about 50 per cent, more than 
by experiment. I am unable to account for this variation, 
which does not exist to anything like the same extent in any 
of the other experiments. 

The extreme shortness of the lengths of main employed by 
Mr. Clegg may have exercised some influence by admitting 
atmospheric air to resist the flow of the gas. 

For those, however, who are disposed to place confidence in 
Mr. Clegg's experiments, to the exclusion of others, it will be 
readily competent to derive a coefficient from Mr. Clegg's ex- 
periments by dividing the number in the last column of Table 
at page 272 by 2*449, the square root of 6. 

The tabular number in Mr. Clegg's experiments being 2099, 

2099 
we have 2^Z4Q == ^* 7 » ^e coe ffi c i ent t° De usea< according to 

Mr. Clegg's experiments. 

The conclusion to be drawn from a review of all the experi- 
ments which have been made on the flow of gas through hori- 
zontal pipes is this, that taking friction and everything else 
into consideration, the quantity is equal to x A, where 



a-d«<s/t§. 
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and where x is the coefficient to he determined by expe- 
riment. 

Let Q be the quantity determined by experiment, then we 
have 

MT tk%X ■ am ■*■ ■ ■ — ^» 

DVDH 

Those who desire a more exact method of determining the 
quantities of gas which will be discharged through pipes of 
various diameters must be content to wait for the determina- 
tion of x by means of an extensive and accurate series of expe- 
riments, which by giving the quantity of gas having a known 
density discharged through mains of certain length and diame- 
ter under a known pressure, will afford the means of calcu- 
lating the value of x, or the coefficient to be used in all other 
determinations. 

I think it right to remark, that in Mr. Pole's very admira- 
ble Paper,* from which I have quoted some of the preceding 
experiments, the author arrives by an entirely different method 
at a formula very nearly identical with that which I have 
given. 

The formula which Mr. Pole proposes for gas is 

1350 D 2 a/?^ 

the only difference being that his coefficient is 1350 in- 
stead of 1335. Mr. Pole adds in a note, that in some recent 
experiments on a 9-inch main giving the discharge under vari- 
ous pressures, the results would require his coefficient to he 
reduced to 1 150 ; but goes on to say that it would not be judi- 
cious to adopt such an alteration for general use unless con- 
firmed by other experiments on pipes of different diameters. 

While these sheets are going through the press a very ex- 
tensive series of Tables is being published in the ' Journal of 
Gas -Lighting,' showing the discharge of gas under various 
pressures from -j^th of an inch up to 2£ inches, and from 

* Published in the ' Journal of Gaa-lA$it\i\£' for June 1852. 
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mains of all diameters up to 30 indies. The quantities in 
these Tables agree remarkably well with those calculated by 
formula (6). 

We now come to the third division of the subject, namely, 
where mains are laid with an inclination above or below the 
point of supply. We have here again to regret the insuffi- 
ciency, or rather the entire absence, of such experiments as 
would elucidate the inquiry. The rule which appears to be 
generally adopted is this, that every variation in the inclination 
of the main causes a corresponding difference of pressure at 
the rate of one hundredth of an inch for every foot of rise or 
fall. Thus when a main rises 10 feet above a datum line at 
which the pressure is known, an increase of pressure is ob- 
tained equal to one-tenth of an inch, and on the other hand 
when a main is at any point 10 feet below such a datum line, 
the pressure is diminished to the extent of one-tenth of 
an inch. 



ON THE LOSS OF PRESSURE CAUSED BY PASSING GAS 

THROUGH MAINS. 

Whatever be the initial pressure with which the gas leaves 
the gas-holder and enters the main, it gradually loses a portion 
of this initial pressure, and at the end of a long main no longer 
possesses the force which it did at the beginning. It is often 
very important to be able to determine this loss of pressure, 
especially when works are situated a considerable distance from 
the district to be lighted, as in the case of the Great Central 
Company's Works and also those of the Western Gas Company 
at Kensall Green. 

On this subject very little is known, and very few experi- 
ments have been made in this country. 

M. D'Hurcourt, however, the author of a recent Treatise 
on Gas -Lighting, which has been before referred to, gives 
the following rule for ascertaining the loss of pressure sus- 
tained by passing a given volume of ^jas ttaorc^ ^ ^u&&>. 
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"Take the square of the quantity of gas, fifHeiaed in htm, 
which pastes m one second through any point in the mam; 
multiply the square by the length of the main in we t r et, and 
divide the prodnct br the 5th power of the diame t er of die 
main up! cased in ccmtzmttrt*. This quotient multiplied ty 
the number 2*7 will represent the loss of pressure expressed k 
etntvmetrt*. 99 

Now, to reduce this rale to a convenient form in Engfi& 
measures, put 

Q = the quantity of gas in thousands of cubic feet which 
are re quir ed to be passed through the main per 
hour. 

L = length of main in yards. 

D = diameter in inches. 

Then the loss of pressure in inches of water at the end of 
the main, according to M. D'Hurcourt's rule, will be 

^r x-611. 

In bis evidence before the Committee on the Great Central 
Gas Consumers' Bill, Mr. Croll proposed to convey 173,000 
cubic feet of gas per hour through a 26-inch main, 2} miles in 
length, and his calculation was, that at the end of the main 
the pressure would be diminished 2\ or 3 inches. But if we 
calculate the loss of pressure by M. D'Hurcourt's rule, we shall 
find it amount to more than 5 inches, or more than the pres- 
sure of Mr. Croll' s gas-holders at the works. Thus 

D= 26 J 26 ^ 

and 9' 13 X '611 = 5*58 inches loss of pressure. 

It follows therefore that either Mr. Croll or the French 
author must be very much in error. 
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CHAPTER XVIII. 

EXPERIMENTS ON COAL GAS. — MODES OP TESTING AND 

COMPARING GAS. 

In the analysis of gases a high degree of chemical know- 
ledge is essential, and this subject forms in itself a very 
important branch of chemical investigation. Into this we do 
not propose to enter, but shall merely notice a few of those 
simple operations which the manager of every establishment 
for the manufacture of gas should readily be able to perform, 
in order to satisfy himself and others of the value of his gas 
and to afford the means of rectifying errors. 

It is a lamentable fact that, notwithstanding the progress 
which the science of gas-lighting has made of late years and the 
amount of practical chemical skill which has been applied to 
the subject, there are yet many towns in England where the 
gas is so bad and so imperfectly purified as to be quite unfit 
for consumption in private houses, and where people are afraid 
to introduce it, well knowing its injurious effect on many 
articles of value exposed to its influence. 

The chief operations which will claim attention in a prac- 
tical point of view are those of testing the purity of gas, to 
ascertain its freedom or otherwise from sulphuretted hydrogen, 
ammonia, and carbonic acid gas ; the process of weighing gas 
to ascertain its specific gravity ; and, thirdly, the process of 
testing by various agents to determine the proportion of 
defiant gas and light-giving hydrocarbons which the gas con- 
tains. There is a further mode of comparing gases by means 
of photometers, or instruments contrived for the purpose of 
measuring light. 

Tests for Sulphuretted Hydrogen, Ammonia, and Carbonic 

Acid Gas. 

Test papers for detecting sulphuretted hydrogen are pre- 
pared by moistening common miting-'jrcget mNfo. *> *i&N&ss&. ^ 
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acetate of lead or nitrate of silver, the latter being the most 
delicate test. The presence of this impurity may also be 
detected by passing the gas through either of these solutions. 
Another method, sometimes practised, is to pass the gas into 
pure distilled water, then to add a single drop either of the 
acetate of lead, the nitrate of silver, or the chloride of bis- 
muth : if any sulphuretted hydrogen be present, it wiD 
immediately show itself by blackening the water. Whet 
water is impregnated with gas containing sulphuretted hydro- 
gen, it may even be detected by the foetid and disagreeable 
odour resembling that of rotten eggs. 

Test for Ammonia. 

This being an alkali, the test papers to be used must be 
either yellow turmeric paper or litmus paper first reddened bj 
vinegar or any other weak acid. If the original blue colour of 
the litmus paper be restored, or the yellow colour of the tur- 
meric be turned to a brown, it is a sign of the presence of 
ammonia ; but if the reddened paper be unaffected, then the 
gas is not alkaline in its character, and will probably itself 
redden the unchanged litmus paper, in which case the gas is 
acid. 

Test for Carbonic Acid Gas. 

Paper steeped in the blue tincture of litmus is rendered red 
both by carbonic acid gas and by sulphuretted hydrogen. In 
order to distinguish accurately which of these impurities is 
present, a solution may be made of pure barytes in the tinc- 
ture of litmus. If the gas be passed into this solution, no 
change will be produced if only sulphuretted hydrogen be 
present, but if carbonic acid gas be present, a precipitate of 
the carbonate of barytes will immediately fall down. Carbonic 
acid gas may also be detected by adding to water impregnated 
with the gas a few drops of sulphuric acid, when minute air- 
bubbles of carbonic acid gas will be rapidly disengaged. 
A very useful little instrument is made by Mr. Wright, of 
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Westminster, for the purpose of detecting sulphuret of carbon 
in gas. The presence of this compound of sulphur had long 
been suspected, and, as it cannot be detected by the ordinary 
test papers which are used for sulphuretted hydrogen, has 
often escaped observation. Every combination of sulphuric 
acid, however, being highly injurious in coal gas, it is im- 
portant that every possible pains should be taken to remove 
this impurity. Mr. Wright's apparatus is equally useful for 
detecting sulphuretted hydrogen or any other compound of 
sulphuric acid. 

The arrangement consists of a simple apparatus for con- 
densing the products of combustion from an ordinary gas 
flame, and of applying to the liquid so condensed a salt of 
barytes, which immediately precipitates the sulphur, when 
present in ever so small a quantity. 

a, in fig. 70, is an argand or other gas burner fitted with a 



Fig. 70. 
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chimney which is gradually contracted into a small tube, b ft, 
half an inch in diameter, which tube is bent and carried through 
a metal cylinder c, about 18 inches long and 2 inches dia- 
meter. This cylinder is kept full of water, which is retained 
by means of a screwed cap, gg, at each end, the cap being 
provided with a small India-rubber washer, which makes a 
perfect joint at each end of the tube, d is a funnel for filling 
the tube with water, and / is a siphon by which the water 
overflows when the tube is full. The vapours which escape 
from the combustion of the gas at a pass through the tube b, 
from which the condensible part drops in the state of fluid 
into a glass placed to receive it, while the carbonic acid 
escapes at the same open end of the tube. The water which 
drops from the tube is generally colourless, nearly tasteless, 
but with a peculiar and not unpleasant odour. 

When a drop of either the nitrate of baryta or the chloride 
of barium is added to the water thus condensed from the 
combustion of ordinary gas, a flocculent white powder imme- 
diately discolours the water,, but on testing the condensed 
liquid from cannel coal gas at the Western Gas -Works, where 
Mr. Wright has paid great attention to the purification, there 
are only very slight indications of any precipitate by either of 
these salts. This is considered by competent authorities the 
very severest test to which gas can be subjected, — these solu- 
tions detecting sulphuric acid in all soluble states of com- 
bination. 

On the Weighing of Gas. 

The most accurate method of weighing gas is to exhaust a 
globe of known capacity, such as are now sold by philosophical 
instrument makers, fitted with a cap and stop-cock for the pur- 
pose. The globe being accurately weighed when exhausted and 
when filled with gas, the weight of the gas, of course, will be the 
difference between the two weights. Whatever be the capacity 
the weight of 100 cubic inches of the gas can be 
tted when the w^\g\& of its contents are known. 
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Then as 100 cubic inches of air of mean temperature and 
pressure weigh 3 10 17 grains, say as 31*017 is to the weight 
of 100 cubic inches of the gas, so is unity or the specific 
gravity of air to the specific gravity of the gas. Or another 
method may be adopted, which is independent of the capacity 
of the globe and does not require this capacity to be deter- 
mined at all. Weigh the globe when filled with gas, also 
when filled with air, and when exhausted ; from these three 
separate weights, that of the air contained in the globe may 
be ascertained as well as that of the gas which it contains. 
Then the weight of the gas divided by that of the air is equal 
to the specific gravity. In performing the operation of weigh- 
ing gases, however, many precautions are necessary, and 
many niceties of manipulation must be practised, which can 
only be successfully carried out by an accomplished chemist. 

For instance, the gas must be reduced to mean pressure and 
temperature, and corrections must also be made for moisture 
both in the gas and the air, unless the gas has been previously 
dried, which is now the practice of the best chemists. 

The corrections for pressure and temperature are very 
simple. Suppose a given volume, say 100 cubic inches of gas, 
to be standing in a gas-holder or in any graduated vessel 
ready for examination, let the height of the mercury in the 
barometer be 29*4 inches, and let it be required to determine 
the volume which the gas will occupy when the pressure of 
the atmosphere is equal to 30 inches of mercury. It is evi- 
dent here that the volume of the gas will be decreased, and 
the amount of decrease has been found to be inversely as the 
pressure. Hence 30 : 29'4 : : 100 : 98, the volume under a 
pressure of 30 inches of mercury. 

The correction for temperature is made so as to reduce the 
volume of gas to that which it would occupy at 60° on Fahren- 
heit's scale, which in experiments is usually taken as the mean 
temperature. It has been found by numerous investigations 
that the rate of expansion in gases is uniform for all degrees of 
heat, and the experiments of MM.BvAo^w^^^^^^^^^^ 
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Magnus, and Regnault have determined this expansion, as a 
mean of all their experiments, to be at the rate of one part in 
460 for each degree of heat on Fahrenheit's scale. It follows 
from this law that 460 measures of gas at a temperature of 0° 
become 460 + t at any given temperature equal to t. Hence 
arises a very simple mode of ascertaining the volume for any 
given temperature, for let v be the volume occupied by the gas 
at a temperature t, then to find v' the volume occupied at 
any other temperature t we have 

460 + t : 460 + f : : v : t/, or 

j 460 + f 

* = v 460T7- 
For example, to find the volume which 100 cubic inches of 
gas at a temperature of 45° would occupy when the tem- 
perature rises to 60°. 

Here '= 100 i^= 102 - 97 - 

Correction for Moisture. 

It has been ascertained by careful experiments that 100 
cubic inches of permanent aqueous vapour corrected for a 
temperature of 60° and a mean pressure of 30 inches weigh 
19*29 grains. If we then know the proportion of aqueous 
vapour absorbed by gas at different temperatures when stand- 
ing over water or in contact with water, we shall have the* 
means of determining from the known volume and weight of 
the moist gas the volume and weight of the dry gas. Pro- 
fessor Faraday, in his c Chemical Manipulation/ gives the 
following Table, which is founded on the experiments of 
Dr. Dalton and Dr. Ure, and which ranges through most of 
the temperatures at which gas is likely to be weighed. 
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Table showing the proportion by volume of aqueous vapour 
existing in any gas standing over or in contact with water 
at the corresponding temperatures, and at a mean barometric 
pressure of 30 inches. 



b 





Proportion 




Proportion 




of vapour 
in 1 volume 




of vapour 
in 1 volume 


Temp. 


of gts. 


Temp. 


of (CM. 


o 
40 


'00933 


o 

61 


•01923 


41 


•00973 


62 


•01980 


42 


•01013 


63 


•02000 


43 


•01053 


64 


•02120 


44 


•01093 


65 


•02190 


45 


•01133 


66 


•02260 


46 


•01173 


67 


•02330 


47 


•01213 


68 


•02406 


48 


•01253 


69 


•02483 


49 


•01293 


70 


•02566 


50 


•01333 


71 


•02653 


51 


•01380 


72 


•02740 


52 


•01426 


73 


•02830 


53 


•01480 


74 


•02923 


54 


01533 


75 


•03020 


55 


•01586 


76 


03120 


56 


•01640 


77 


•03220 


57 


•01693 


78 


•03323 


58 


•01753 


79 


•03423 


59 


•01810 


80 


03533 


60 


•01866 







It is easy from this Table to determine the quantity of 
aqueous vapour present in gas of any given temperature which 
is standing over water or which has been in contact with 
water ; for it is only necessary to multiply the volume of the 
moist gas by the number corresponding to the temperature 
in order to find the volume of aqueous vapour which is 
present. 

Suppose 120 cubic inches of moist gas at a temperature of 
70° weighing 22 grains under mean barometric pressure, then 
the volume of vapour present is equal to 120 x , 02566=3 , 079 
cubic inches. This volume corrected to & texa^wtaa*. & W 



286 EXPERIMENTS ON COAL GAS. 

will have to be deducted from the whole volume of gas cor- 
rected to the same temperature. 

Now 120 cubic inches at 70° are equal to 

120x ^^ =11774 cubic inches at a temperature of 60°. 

Hence 117*74 — 3*079 = 114*66 cubic inches, the volume of 

dry gas at mean temperature. Then to find the weight of 

this volume of dry gas we must deduct from the whole weight 

of 22 grains the weight of 3*079 cubic inches of aqueous 

vapour, which is equal to 3079 x -1929 =-5939 grains. 

Hence we have 22*— '5939=21*406 1 grains as the weight of 

114*66 cubic inches of dry gas. From this it follows by 

simple proportion that 100 cubic inches of the dry gas cor- I 

rected for temperature and moisture will weigh 

21-4061 x 100 10/ ,»- 

114-66 =18*67 grams. 

Then as 100 cubic inches of air at mean temperature and 
pressure weigh 31 grains, the specific gravity of the gas will be 

^=•602. 

There are some advantages in operating on the moist gas, be- 
cause the volume can be measured before passing it into the 
globe in which it is weighed ; and in this case no error will b£ 
made even if the globe be not perfectly exhausted, or if the^ 
globe be not quite filled with gas, the only thing necessarjfl 
being the increase of weight due to the gas actually admitted 
as measured by a graduated jar before transferring it to the 
globe. This measurement cannot so perfectly be made when 
the gas is dried beforehand, in which case the globe must be 
perfectly exhausted and perfectly filled with gas, when, its 
capacity being known, the specific gravity can be arrived at as 
before. 

The simplest method of drying gas is to pass it through a 
tube filled with some substance having a powerful attraction 
for water. The tubes used are about half an inch in diameter 
And from 12 to 20 inches long. Chloride of lime will answer 
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-well as a desiccating material for gas which does not contain 
much ammonia. The chloride of lime should he heated and 
fused in an earthenware crucible, a temperature below that of 
visible redness being quite sufficient for the purpose; then 
poured upon a clean metallic or stone surface, and, as soon as 
it has solidified, broken up and put into stopped bottles. 
This chloride being divided into a mixture of large and small 
fragments is to be introduced rapidly into the tube, until the 
latter is nearly full ; the apparatus is then ready for use. The 
tube may be connected with the jar, gas-holder, or other vessel 
containing or evolving the gas by caoutchouc connectors, or in 
any other convenient way ; and so much gas should be passed 
through it as effectually to expel all the common air before 
the globe or vessel to be filled with the dry gas be attached. 
That being done, the gas should be allowed to pass slowly, 
100 cubical inches having from 10 to 20 minutes allowed for 
their passage through such a tube as that described, though if 
the period be lengthened no injury is occasioned. If the tube 
be of smaller diameter, more time should be proportionably 
allowed. 

Instead of the chloride of lime, fused potash or fused car- 
bonate of potash may be employed, but it is to be remembered 
that ordinary potassa fusa generally evolves a little oxygen 
goring its solution, and hence may occasionally be exception- 
Able. Chloride of lime will not answer for ammonia, or for 
sulphurous and some other acid gases. Potash, or carbonate of 
potash, answers perfectly well for ammonia, but not for acid 
gases. Sulphuric acid is a very excellent desiccator for many 
gases, and may be used in a tube by first curving the tube, 
then filling it with fragments of glass or rock crystal, and 
afterwards pouring in so much concentrated oil of vitriol as 
shall moisten the fragments but not cause obstruction to the 
passage of the gas. By moving the tube a little from time to 
time the acid is made to pass from place to place, it becomes 
mixed, and it re-moistens the fragments, which from the pre- 
vious quiescent state of the apparatus may have drained con- 
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siderahly. This substance is effectual with almost all ordinary 
gases except ammonia.* 

Mr. Wright has contrived an ingenious apparatus for taking 
the specific gravity of gas by means of a balloon containing, 
when full of gas, 1000 cubic inches, and capable of being 
gauged by a ring which fits its largest diameter when the bal- 
loon is full. The following are Mr. Wright's directions for 
performing the experiment, with the Table which he has com- 
piled for correcting the temperature and pressure of the gas 
according to the standard generally made use of, — namely, a 
temperature of 60° Fahrenheit and a barometric pressure of 
30 inches of mercury. 

Expel the air from the balloon by folding in the form in 
which it is first received, ascertain the weight of the balloon 
and car, fill the balloon with gas, insert the stopper, and put as 
many grainsf in the car as will balance it in the air ; add the 
number of grains which it carries to the weight of the balloon, 
and deduct the amount from the tabular number corresponding 
to the degree of temperature indicated by the thermometer, 
and the pressure indicated by the barometer ; divide the result 
by the tabular number due to the temperature and pressure of 
the gas, to ascertain which allow the gas to blow upon the bulb 
of the thermometer until the mercury is stationary, and tha jg 
three first figures are the specific gravity. W 

Example 1. 

Temperature of the afr, 70° 1 Tabular number 932 . 
Barometer . . 28*5 in. J * wwu uumuw ?u*. 

Temperature of gas . 56° "I 
Barometer always the > Tabular number 958. 

same as air . 28*5 in. J 

- ii ■ - - - - ii - - - - - * ■ — -^— — — -^-^— — - - ■■ ■ ^ ^ — 

* Faraday's * Chemical Manipulation,' p. 390. 

f The weights used are not troy grains, 100 of them being equal to 
30*5 troy grains : they are each equal to a cubic inch of air, when the 
barometer is at 30 inches, and the thermometer, at 60 degrees. 
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Weight of balloon and grains in car, 560. 

932 Tabular number for the air. 
560 Weight of balloon, &c. 

Tabular number for the gas 958) 3720 (388 Specific gravity. 

2874 

8460 
7664 



7960 
7664 
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Example 2. 

Temperature of the air, 40° 1 T ^ ^ 105g 

Barometer . . 30-5 in. / xawuMU «uuha» 

Teopentonofgu . 62° 1 
Barometer always the > Tabular number 1013. 

same as air . 30*5 in. J 

Weight of balloon and grains in car, 560. 

1058 Tabular number for the air. 
560 Weight of balloon, &c. 

Tabular number for the gas 1013)4980(491 Specific gravity. 

4052 



9280 
9117 



1630 
fyj 1013 

617 



Note. — This Table will also be found convenient for correcting the 
quantity of gas made, as indicated by the station meter ; the quantity 
being divided by the tabular number due to the temperature and pres- 
sure, will give the amount, as if the gas had been at 60° Fahrenheit 
and 30° barometer. 
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Bar. 


THBR. 
32* 


34° 


36* 


38* 


40* 


42* 


44* 


46* 


48* 


50° 

■ 

952 


280 


988 


984 


980 


976 


971 


968 


964 


960 


956 


281 


991 


987 


983 


979 


975 


971 


967 


963 


959 


955 


28-2 


995 


991 


987 


983 


979 


975 


971 


967 


963 


959 


28-3 


998 


994 


990 


986 


982 


978 


974 


970 


966 


962 


28-4 


1002 


998 


993 


990 


985 


981 


977 


973 


970 


966 


28 5 


1005 


1001 


997 


993 


989 


985 


981 


977 


973 


969 


28-6 


1009 


1005 


1000 


996 


992 


988 


984 


980 


976 


972 


28-7 


1012 


1008 


1004 


1000 


996 


992 


988 


984 


980 


976 


28-8 


1016 


1012 


1008 


1003 


999 


995 


991 


987 


983 

• 


979 


28-9 


1020 


1015 


1011 


1007 


1003 


999 


995 


991 


987 


983 


290 


1023 


1019 


1015 


1010 


1006 


1002 


998 


994 


990 


986 


291 


1027 


1022 


1018 


1014 


1010 


1006 


1002 


998 


993 


989 


292 


1030 


1026 


1022 


1017 


1013 


1009 


1005 


1001 


997 


993 


29-3 


1034 


1029 


1025 


1021 


1017 


1012 


1008 


1004 


1000 


996 


29*4 


1037 


1033 


1029 


1024 


1020 


1016 


1012 


1008 


1004 


1000 


29-5 


1041 


1036 


1032 


1028 


1024 


1019 


1015 


1011 


1007 


1003 


29-6 


1044 


1040 


1036 


1031 


1027 


1023 


1019 


1015 


1010 


100$ 


29-7 


1048 


1043 


1039 


1035 


1031 


1026 


1022 


1018 


1014 


1010 


29*8 


1051 


1047 


1043 


1038 


1034 


1030 


1026 


1022 


1017 


1013 


299 


1055 


1050 


1046 


1042 


1038 


1033 


1029 


1025 


1021 


1017 


30-0 


1058 


1054 


1050 


1045 


1041 


1037 


1033 


1028 


1024 


1020 


301 


1062 


1057 


1053 


1049 


1044 


1040 


1036 


1032 


1028 


1023 


30-2 


1065 


1061 


1057 


1052 


1048 


1044 


1039 


1035 


1031 


1027 


30-3 


1069 


1064 


1060 


1056 


1051 


1047 


1043 


1039 


1034 


1030 


30-4 


1072 


1068 


1064 


1059 


1055 


1051 


1046 


1042 


1038 


1034 


305 


1076 


1071 


1067 


1063 


1058 


1054 


1050 


1045 


1041 


1037 


30-6 


1079 


1075 


1071 


1066 


1062 


1057 


1053 


1049 


1045 


1040 


30-7 


1083 


1079 


1074 


1070 


1065 


1061 


1057 


1052 


1048 


1044 


30-8 


1087 


1082 


1078 


1073 


1069 


1064 


1060 


1056 


1051 


1047 


30-9 


1090 


1086 


1081 


1077 


1072 


1068 


1063 


1059 


1055 


1051 


j «-oj 


j 1094 


1089 


1085 


1080 


1076 


1071 


1067 


1063 


1058 


1054 
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Bar, 


THEB. 
52° 


54° 


56° 


58° 


60° 


62° 


64° 


66° 


68° 


70 # 


280 


948 


944 


941 


937 


933 


930 


926 


922 


919 


915 


28-1 


952 


948 


944 


940 


937 


933 


929 


926 


922 


919 


28*2 


955 


951 


947 


944 


940 


936 


933 


929 


925 


922 


28-3 


958 


955 


951 


947 


943 


940 


936 


932 


929 


925 


28-4 


962 


958 


954 


950 


947 


943 


939 


936 


932 


928 


28-5 


965 


961 


958 


954 


950 


946 


943 


939 


935 


932 


28*6 


969 


965 


961 


957 


953 


950 


946 


942 


939 


935 


28-7 


972 


968 


964 


960 


957 


953 


949 


945 


942 


938 


28*8 


975 


971 


968 


964 


960 


956 


952 


949 


945 


941 


28-9 


979 


975 


971 


967 


963' 


960 


956 


952 


948 


944 


29-0 


982 


978 


974 


970 


967 


963 


959 


955 


952 


948 


29-1 


985 


982 


978 


974 


970 


966 


962 


959 


955 


951 


29*2 


989 


985 


981 


977 


973 


969 


966 


962 


958 


954 


29*3 


992 


988 


984 


981 


977 


973 


969 


965 


961 


957 


29-4 


996 


992 


988 


984 


980 


976 


972 


969 


965 


961 


29'5 


999 


995 


991 


987 


983 


979 


976 


972 


968 


964 


29*6 


1002 


998 


994 


991 


987 


983 


979 


975 


971 


96S 


29-7 


1006 


1002 


998 


994 


990 


986 


982 


978 


975 


971 


29*8 


1009 


1005 


1001 


997 


993 


989 


986 


982 


978 


974 


29-9 


1013 


1009 


1005 


1001 


997 


993 


989 


985 


981 


978 


30*0 


1016 


1012 


1008 


1004 


1000 


996 


992 


9S8 


984 


981 


30-1 


1019 


1015 


1011 


1007 


1003 


999 


995 


992 


988 


984 


30*2 


1023 


1019 


1015 


1011 


1007 


1003 


999 


995 


991 


987 


30*3 


1026 


1022 


1018 


1014 


1010 


1006 


1002 


998 


994 


990 


30-4 


1029 


1025 


1021 


1017 


1013 


1009 


1005 


1002 


998 


994 


30*5 


1033 


1029 


1025 


1021 


1017 


1013 


1009 


1005 


1001 


997 


30-6 


1036 


1032 


1028 


1024 


1020 


1016 


1012 


1008 


1004 


1000 


30-7 


1040 


1036 


1031 


1027 


1023 


1019 


1015 


1011 


1007 


1004 


30-8 


1043 


1039 


1035 


1031 


1027 


1023 


1019 


1015 


1011 


1007 


30*9 


1046 


1043 


1038 


1034 


1030 


1026 


1022 


1018 


1014 


1010 


31*0 


1050 


1046 


1042 


1037 


1033 


1029 


1025 


1021 


1017 


1013 

u 
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Bar. 
28-0 


;THE&. 

| 72° 


74° 


W 


78° 


80° 


82° 


84° 


86° 


88° 


90° 


912 


908 


905 


901 


898 


895 


891 


888 


885 


881 


281 


915 


912 


908 


905 


901 


898 


894 


891 


888 


884 


28*2 


918 


915 


911 


908 


904 


901 


898 


894 


891 


888 


28-3 


922 


918 


914 


911 


908 


904 


901 


897 


894 


891 


28-4 


925 


921 


918 


914 


911 


907 


904 


900 


897 


894 


28 5 


928 


925 


921 


917 


914 


910 


907 


904 


900 


897 


28-6 


931 


928 


924 


921 


917 


914 


910 


907 


903 


900 


28-7 


935 


931 


927 


924 


920 


917 


913 


910 


907 


903 


28*8 


938 


»4 


. 931 


927 


924 


920 


917 


913 


910 


906 


28-9 


941 


937 


934 


930 


927 


923 


920 


916 


913 


910 


290 


944 


941 


937 


934 


930 


926 


923 


919 


916 


913 


291 


948 


944 


940 


937 


933 


930 


926 


923 


919 


916 


292 


951 


947 


M4 


940 


936 


933 


929 


926 


922 


919 


293 


954 


950 


947 


943 


940 


936 


933 


929 


926 


922 


29-4 


957 


954 


9S0 


946 


943 


939 


936 


932 


929 


925 


29-5 


961 


957 


953 


950 


946 


942 


939 


935 


932 


928 


296 


964 


960 


957 


953 


949 


946 


942 


939 


935 


932 


29-7 


967 


963 


960 


956 


952 


949 


945 


942 


938 


935 


298 


970 


967 


963 


959 


956 


952 


948 


945 


941 


938 


29-9 


974 


970 


966 


963 


959 


955 


952 


948 


944 


941 


300 


977 


973 


969 


966 


962 


958 


955 


951 


948 


944 


301 


980 


976 


973 


969 


965 


962 


958 


954 


951 


947 


30>2 


983 


980 


976 


972 


969 


965 


961 


958 


954 


950 


30-3 


987 


983 


979 


975 


972 


968 


964 


961 


957 


954 


30'4 


990 


986 


982 


979 


975 


971 


968 


964 


960 


957 


30-5 


993 


'989 


986 


982 


978 


974 


971 


967 


963 


960 


30*6 


996 


993 


989 


985 


981 


978 


974 


970 


967 


963 


30-7 


1000 


996 


992 


988 


985 


981 


977 


973 


970 


966 


30-8 


1008 


999 


995 


991 


988 


984 


980 


977 


973 


970 


30-9 

31-OJ 


1006 


1002 


998 


995 


991 


987 


984 


980 


976 


973 


1009 


1006 


1002 


998 


994 


990 


987 


983 


979 J 


976 
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The preceding Table of course contains no correction for 
moisture, nor is this commonly considered necessary in prac- 
tice if the experiments are made in a dry room at some 
distance from the gas-holder or vessel in which the gas has 
been standing over water. 

The correction applied for barometric pressure is precisely 
the same as that explained at page 283, namely, a correction 
in the inverse ratio of the pressure. The correction for tem- 
perature is not quite the same as explained at page 284, since 
Mr. Wright has assumed a different rate of expansion accord- 
ing to the increase of temperature. The correction made by 
means of this Table will, however, probably be found suffi- 
ciently accurate for all practical purposes. 

This Table is a simple calculation of the space which will be 
occupied by a thousand volumes either of gas or air, when 
reduced from the temperature and pressure of the Table to the 
standard temperature of 60° Fahrenheit and 30 inches pres- 
sure. Thus a thousand volumes of gas at temperature 50° 
and pressure 28*5 will occupy at standard pressure and tem- 
perature 969 volumes. 

Referring to what has already been said with respect to 
correction for temperature and pressure, a very simple ex- 
pression may be derived for converting any quantity of gas — 
say a thousand volumes — into the space which it would 
occupy at the standard temperature and pressure. Putting 
t and p respectively for the observed temperature and pressure 
of gas or air, we have 



1000x460 + 60 

— ■ 46 q t — = the volume corrected for pressure, and 

1000 x 460 + 60 p 

460+/ — x so = volume corrected for both 

pressure and temperature : now this latter expression, when 
reduced, is equal to 460 + f * Mr. Wright, in calculating 

his Table, seems to have assumed the expansion at xHth of 
.the whole volume, for each degree of heat; so that the fct- 
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mula by which he has calculated his Table would be 448 . • 

This will give tabular numbers differing very slightly from 
those given by my formula, — which I prefer, however, because 
an expansion of 1 in 460 appears to agree better than any 
other with the mean of the best experiments on the subject. 



ON THE BROMINE TEST. 

The method of ascertaining the amount of condensation 
produced in coal gas by the addition of a single drop of 
bromine, is now much preferred to the use of chlorine, which 
presented some difficulties in estimating the volumes to be 
mixed. 

The chlorine test, however, is a very beautiful experiment 
in the hands of a skilful operator. It requires one measure of 
chlorine gas to be passed into' a jar inverted over water, and 
containing two measures of coal gas. This mixture will cause 
a diminution of volume in the gas, and an oily liquid will be 
formed by the defiant gas uniting with the chlorine. The 
chlorine ought to be in excess; and the remaining portion 
having been removed by the addition of a few drops of a 
strong solution of potash, the diminution of volume which the 
coal gas has sustained will be a measure of its value, by indi- 
cating the proportion of defiant gas contained in it. 

For the purpose of testing gas with bromine a glass tube is 
used about 3 feet long and half an inch diameter inside. The 
tube is closed at one end and is bent at the other into a small 
semicircle, so that the straight part of the tube is about 
33 inches long, the remaining 3 inches being occupied by the 
bend. The straight part of the tube is graduated into hun- 
dredths towards the closed end as far as 25 divisions, or one- 
fourth of the length ; this graduation serving to show the 
diminution in the volume of the gas effected by the bromine. 

The tube is to be filled with water and the curved or open 
end placed over an orifice from whieh the gas is allowed to 
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flow. After passing up through the water the gas begins to 
displace the latter, and must be allowed to do so till the gas 
exactly fills the tube from the zero division or the beginning 
of the graduation to the top of the tube. The curved end of 
the tube remains filled with water, which acts as a seal and 
prevents the escape of gas. It is usual now to add a few 
drops of a solution of potash to remove any carbonic acid 
which may be in the gas. A portion of bromine about the 
size of a small pea is then to be dropped into the open end of 
the tube, and the thumb being placed firmly on this open end, 
the tube is to be inverted once or twice so as to bring the 
bromine into perfect contact with the gas. After two or three 
inversions of the tube the thumb may be withdrawn under 
water, and a few drops of a solution of potash added, in order 
to remove from the tube the vapour of bromine contained in 
it. To effect this removal the thumb is to be again pressed 
on the open end of the tube, and its contents agitated by 
again inverting the tube once or twice. The open end of the 
tube is then to be placed in water, which will now rise con- 
siderably above zero, and after remaining at rest for some time, 
the height of the water may be read off on the graduated part 
of the tube. The division so read off will of course represent 
the condensation of the gas in parts of 100. 

Some of the inferior gases are not condensed by bromine to 
the extent of more than 4 or 5 per cent., while some of the 
rich and highly illuminating cannel coal gases are condensed 
as much as 12 and 14 per cent. 



ON THE COMPARISON OF GASES BY MEANS OF THE 

PHOTOMETER. 

The method of estimating the illuminating power of gases in 
measures of which the unit is a single wax candle consuming a 
known weight of wax per hour, is a test of great beauty and 
simplicity.. By many of the most experienced gas engineers 
this test of the value of a gas is preferred to all other methods 
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of comparison. It has been justly said that the specific grsrity 
of s gas is not alone a test of value, because this may be due to 
the presence of carbonic add. Bnt when the actual lighting 
power is tried by the photometer, if the standard should M 
short of that which might be expected from the specific gravity 
of the gas, then the presence of carbonic acid may be JSrirly 
suspected. 

The earliest method of comparing the lighting power of gts 
with that of candles or any other standard was that proposed 
by Count Romford, and commonly known as the method 
of shadows. For this purpose a simple apparatus was de- 
signed, and named after its inventory the Rumford photometer. 
This consisted simply of a black box in which a white space 
was painted to receive the shadows made by intercepting the 
light from a gas-burner and a candle placed at such distances 
as to give shadows of precisely the same intensity. 'When the 
distances are so adjusted that the shadows are precisely simi- 
lar, then the lighting powers of the two bodies are pro- 
portionate to the squares of their distances from the surface 
which intercepts the light. Thus if a gas-burner give a 
shadow equal to that of a candle placed at one-third of the dis- 
tance, the gas is said to be equal to nine candles : if it gives a 
shadow equal to that of a candle placed at one-fourth of the 
distance, it is equal to sixteen candles, and so on. In general 
terms, let d be the distance from the candle to the intercepting 
surface, and b the distance from the gas-burner to the same on 
a similar surface, then when the shadows are equal, the illumi- 

nating power of the gas is equal to -75, that of the candle being 

uiity. Hence if the distance of the candle be a fixed distance 
equal to 10 inches, it will only be necessary to cut off two 
figures from the square of the gas-burner's distance to find the 
number of candles to which the gas is equal. Suppose the 
distance of the gas-burner to be 24 inches, while that of the 
candle is 10 inches, then 24 s = 576, and the light given by 
the gas is equal to 576 candles. 
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Although the method of comparison by shadows is still 
highly spoken of by some who have practised it for many 
years, and have acquired a habit of great accuracy in discrimi- 
nating the depth of shadows, it is not in general use at the 
present time, the Rumford photometer haying been superseded 
by an instrument invented by Professor Bunsen, of Marburg, 
and first introduced in this country by Dr. Lyon Playfair, who 
described it to Mr. King, of Liverpool. The comparison made 
by the Bunsen photometer is not one of shadows, but is a 
comparison of transmitted light passing through a transparent 
surface, with reflected light striking on an opaque surface. This 
comparison is made by interposing between two lights a disk 
of paper with an annular space made transparent, and sur- 
rounding a small part in the centre which is opaque. Now, if 
any light whatever be placed behind a disk of this kind, the 
transparent ring will be illuminated, while a dark circle will 
appear in the centrf . If another light be now placed in front 
of the paper at such a distance as to cause the reflection from 
the opaque circle to be greater than that transmitted through 
the transparent ring, the centre space will be more illuminated 
than the ring. Again, if the light in front be placed at such a 
distance that the reflection is less than the transmitted light, 
then the central spot will appear darker than the ring, and be 
distinctly visible. When, however, the light is so placed that 
the light reflected and that transmitted are exactly equal, then 
the centre spot is invisible, as the whole surface of the paper 
appears alike, and no difference is observed between the central 
spot and the annular space which surrounds it. When this 
condition obtains, the lights are to each other as before, in the 
ratio of the squares of their distance from the disk. 

Photometers made on this principle of comparing lights by 
means of a disk of this kind placed between them are now 
made by Mr. King, of Liverpool, — by Mr. Hulett, who manu- 
factures the photometers known as Church and Mann's, — by 
Mr. Wright, of Westminster, and others. 

The composition at first used for making the paper trans- 



298 



COMPARISON OF GASES 







1 

5 




* 



« 




BY MBANB OF THE PHOTOMETER. 299 




300 COMPARISON OF GA8S8 

parent was melted spermaceti, but Dr. Fyfe recommends sper- 
maceti dissolved in oil of naphtha till it acquires a consistence 
which is solid at natural temperatures, but is liquefied by the 
application of a very gentle heat, such as by holding the vessel 
for a few minutes in the warm hand. He applies the mixture 
when fluid, leaving in the centre a circle uncovered about the 
size of half-a-crown. After this the paper is held horizontally 
over a lamp, and very cautiously heated, so as to make all the 
inequalities disappear. Dr. Fyfe prefers the fine cream" 
coloured letter-paper for the purpose of the disk. 

Figs. 71 to 74 show the Bunsen photometer as constructed 
by Mr. Wright. Fig. 71, drawn on a scale of -^th of the full 
size, is an elevation of the photometer : a a is a straight bar of 
wood carrying at one end a support for a candle, and at the 
other a support for the gas-burner, which can be screwed on 
when required. These supports are so placed that the lights 
are exactly 100 inches apart from centre to centre. Some- 
times a meter is fixed at one end in place of the pillar e, and 
the burner is screwed on to a short pipe which passes up from 
the meter ; in other cases a flexible tube b is used for convey- 
ing the gas to the burner after passing through a meter which 
registers the exact consumption of the gas : c is the moveable 
carrier supporting the disk, which can thus be placed in any 
position on the bar : d is the centre of the bar from which 
the divisions commence, the first division in the centre being 
marked 1 for one candle. The bar is divided into spaces 
towards the end where the candle is placed, which spaces in- 
dicate candles and tenths of a candle, as far as nine candles. 
From 9 to 20 the spaces indicate half-candles, and from 20 to 
36 they indicate only whole candles. 

Fig. 72, on a ( scale of \ the full size, is an elevation of 
a blackened shade which is placed over the disk in order to 
exclude the diffused light of day, and render the determina- 
tions on the disk more delicate. It consists of two short wide 
tubes made slightly conical, and united at top by a hinge 
which allows them to be separated at the base. The shade is 
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open entirely through, in the direction of its axis, and when 
placed oyer the disk, the surface of the latter is seen, by an ob- 
server standing opposite, through the small spaces a a in the 
side of the shade. 

Figs. 73 and 74, on a scale of £ the full size, are an eleva- 
tion and side view of the disk and carrier. The disk is merely 
a circle about 4 inches diameter, inserted between two flat metal 
rings which are kept closed by a small screw. The opaque 
space in the centre b is an inch and a half in diameter, and c 
is the transparent part surrounding it. In these figures dis 
the carrier, e is the divided bar, and / the pointer marking 
the division over which the disk stands. 

The mode of dividing the bar is very simple when once 
a Table is calculated for the purpose. For instance, suppose 
it be required to find x the point of division which shall indi- 
cate n candles. Here we have (100 — x) 2 = n x\ which being 
reduced to its simplest form gives the value of 

.-ito^-p. 

ft— 1 

Hence arises a very simple rule for finding the distance from 
the centre of the candle at which a division must be marked, 
in order to indicate any required number of candies* 

Take out the square root of the required number of candles, 
and diminish it by 1 . Shift the decimal point two places to 
the right, and divide by the number of candles, less 1. For 
example, let it be* required at what distance the division must 
be placed to indicate 7 candles. The square root of 7 
diminished by unity is 1*6458. This, with the decimal 
point shifted two places and divided by 7 — 1, is equal 

— - — — 27*43, the distance required. 

The following short Table contains a few of the distances for 
whole numbers of candles, and it is equally simple to calculate 
those for fractional parts of a candle. 
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No. of Distance of division 

candl e s. from centre of candle. 

Inches. 

2 41-42 

3 36-61 

4 ..... 33*34 

5 30-90 

6 28-99 

7 27-43 

8 ; 2612 

9 2500 

16 . % . . . . 2000 * 

25 ... . . 16-67 

The photometer made by Mr. Hulett for Messrs. Church 
and Mann has the disk placed at a fixed distance of 10 inches 
from the candle. This gives the advantage of great simplicity 
in the division, because the number of candles is always equal 
to the square of the distance from the disk to the gas-burner 
divided by 100, or is equal to this square with two figures cut 
off, as explained when speaking of the Rumford photometer 
at page 296. As the distance from the disk to the candle is 
invariably 10 inches in this photometer, the first division, or 
that for 1 candle, must of course be 10 inches from the centre 
of the gas-burner, and generally the distance for n candles will 
be equal in inches to \/100 n. For instance, the distance of 
the division for 5*7 candles will be equal to \/570 = 23*87 
inches. This photometer has certainly one advantage, in the 
length of its beam being shorter than in the other form where 
the divisions commence at the centre of its beam, whereas in 
Church and Mann's the divisions commence at 10 inches from 
the gas-burner, or from one end of the beam. It follows that 
a beam of 5 feet, divided according to Church and Mann's 
system, will contain as many divisions and afford as great a 
range for comparison as one of 8 feet 4 inches, or 100 inches 
on the other principle. The advocates for the long beam, 
however, object to the moving of the candle which is neces- 
sarjr in Church and Mann's photometer, and there are several 
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other minor arguments for and against the two forms, hut 
these are probably not entitled to any great weight. 



EXPERIMENTS ON COAL. 

In considering the quantity of the gas produced from a ton 
of coal, the real value is a function of the volume and of the 
specific gravity, so that the most convenient mode of express- 
ing the quantity is to give the weight of gas produced, this 
weight being a compound of the quantity and the specific 
gravity. In order to reduce a volume of gas of any given spe- 
cific gravity to pounds avoirdupois, we have only to multiply 
the volume by the specific gravity in order to find the cubic 
feet of air equivalent in weight to the volume of gas. Then as 
a cubic foot of air weighs 536 grains troy, of which there are 
7000 in a pound avoirdupois, it follows that the cubic foot of 
air multiplied by 536 and divided by 7000, or, which is the 
same thing, multiplied by a 0766, will give the weight of gas in 
pounds. 

Thus let v be the volume of gas in cubic feet, g its specific 
gravity, and w the weight in pounds avoirdupois. Then 

•0766 vg = w. 

According to this formula the third column of figures has 
been calculated in the following Table, which shows the 
weight of gas in lbs. avoirdupois produced by distilling one 
ton of coal from the principal coal-fields of this country. 
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Experiment* on the Quantiiiet of Gat derived from Coal. 










Weight 








Cubic 




i¥ 








PM ps 


Specific 


''ip['\ 






Description of corf. 


ml. 


gnvirjof 
the sb. 


of corf. 


***** 




Engliih Culling Coal . 


8,000 


-420 


257 


Dr.Fyfe. 




Newcastle Coal . . . 


11,648 


■475 


423 


Mr. Joseph Hedlev. 




Pelaw, Newcastle . . 


11,421 




389 


Ditto. 




l'elton, ditto . . . 


11,424 


•437 


382 


Ditto. 




Blenkinsopp, Carlisle . 


11,200 


■521 


447 


Ditto. 




Newcastle .... 


8,500 


■412 


268 


London, 1837. 

r Quantity made in 




Wall's End, Newcastle 


12,000 


■490 


450 


J the revolving neb 

) retort; authority, 
L Mr. Clegg. 








•430 


363 








10 800 


■425 


353 






Washington . . . . 


10,000 


■430 


330 , 










'420 
-415 


355 

335 


Author of the 
■ Chemistry of 




New Pelton .... 


Ki.iuQ 




Dean's Primrose . . 


10,500 


■430 


347 


' Gas - Lighting,' in 








•398 


321 


the ' Journal of 








'402 


308 


Gas -Lighting.' 




West Hartley . . . 


10.500 


■420 


339 






Hastings Hartley . . 


10,300 


■421 


333 










•450 


335 






Berwick & Craiiter's 1 
Wall', End. . . j 


12,507 


■470 


449 


Mr. Clegg. 




Pclnw Main .... 


18,400 


■4M 


399 


Ditto. 




Russell's Wall's End . 


12,000 


•418. 


384 


Ditto. 




Ellison's Main . . . 


11,200 


■41S 


357 


Ditto. 




Felling Main . . . 


11,200 


-410 


351 


Ditto. 




Pearith's Wall's End . 


11,1*7 


'410 


350 


Ditto. 




Dean's Primrose . . 


11,120 


■410 


349 


Ditto. 




Benton Main . . . 


10,087 


-400 


337 


Ditto. 




Eden Main .... 


10,400 


'400 


318 


Ditto. 




Heaton Main ... 


10,400 
9,000 


■410 


326 


Ditto. 

1" Average production 
j by Phcenii Gas 
\ Company for year 
L 1848. 


/ 


Yorkshire Parrot . . 


11,509 






Dr.Fyfe. 
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On the Quantities of Gas derived from Coal — continued. 









W.ighl 




































B»jM> 


SpMific 






Description of Mil. 


™i. 


tjrmvitjof 


5&S? 


andnttr. 


PARROT OR CAN NIL 










coals — continutd. 




f-460-j 






Wipw Cannel . . . 


9,500 


1 -520/ 
■640 


357 


Dr. Fjfe. 


Scottish Parrot . . . 


9,300 


466 


Ditto. 


Ramsay's Newcastle"! 
Cannel .... J 


9,7 46 


1 '580/ 


■423 


Ditto. 


Loch Gelly Parrot . . 


9,113 


-567 


396 


Ditto. 


Leamahago Cannel, 1 
Lit experiment . J 


11,681 


-540 


483 


Mr. Wright. 


Ditto do. 2nd ex- 1 

petiment ... J 
Ramiay'i Newcastle 1 
Cannel .... J 


9,878 


•650 


492 


Ditto. 


9,016 


■604 


417 


Ditto. 








r John Kay, Manager 


Ditto ditto 


9,333 


-598 


427 


J of Dundee Gas- 

1 Work*. 

fDr. Leeaon, Dr. 


Ditto ditto 


9,667 


■731 


541 


J. Miller, and Mr. 
[ G. H. Palmer. 


Lesmahngo Cannel 


11,312 


■737 


638 


Mr. Joseph Hedley. 


Welsh Cannel . . . 


11,424 


•737 


645 


Ditto. 


Wigan Cannel . . . 


11,200 


■606 


520 


Ditto. 

f LiTerpool New Gat 


Ditto ditto. . . . 


9,500 


■580 


422 


-j and Coke Corn- 


Wemyaa Cannel . . 


10,976 


■670 


563 


Mr. Wright. 


Ditto ditto . . . 


10,192 


■691 


538 


Ditto. 


Wigan Cannel , . . 


9,408 


■478 


344 


Ditto. 


Kjiightiwood Cannel . 


9,720 


■590 


439 


Ditto. 

fMr. J. Etmm, at 
J Westminster Sta- 
| tion of Chartered 


Boghead Caaoel . . 


15,000 


■752 


806 










[_ Gas Company.'* 


Leamahago, No. 1 . . 


13,580 


■642 


666 


Ditto. 


Ditto No. 2 . . 


13,200 


-618 


627 


Ditto. 


Capetdrae Cannel . . 


14,400 


■577 


638 


Ditto. 


ArniiWn ditto . . 


12,600 


-626 


606 


Ditto. 



* Each of the results given by Mr. Ethh is the mean of three aspcdmnatav 
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On the Quantities of Gas derived from Coal — continued. 





Cubic 
feet of 




Weight 
of gas 
in ibs. 
avoir- 






gasper 


Specific 


dupois 




Description of coal. 


ton of 
coal. 


gravity of 
the gas. 


per ton 
of coal. 


Authority. 


PARROT OR CANNEL 










coals — continued. 








« 


Ramsay Cannel . . . 


10,300 


•548 


433 


Mr. J. Evans. 


Wemyss ditto . . 


14,300 


•580 


637 


Ditto. 


Kirkness ditto . . 


12,800 


•562 


552 


Ditto. 


Knight8wood ditto 


13,200 


•550 


558 


Ditto. 


Wigan(Ince Hall) ditto 


1M00 


•528 


461 


Ditto. 


Pelton Cannel . . . 


11,500 


•520 


459 


Mr. Jos. Hedley. 


Leverson ditto . . . 


11,600 


•523 


466 


Ditto. 


Washington ditto . . 


10,500 


•500 


403 


Ditto. 


Wigan Cannel . . . 


14,453 


•640 


708 


Mr. Glegg. 


Ditto ditto .... 


14,267 


•610 


664 


Ditto. 


Scotch ditto .... 


14,000 


•580 


622 


Ditto. 


Ditto ditto. . . . 


13,813 


•500 


529 


Ditto. 


DERBYSHIRE, WELSH, 










STAFFORDSHIRE, AND 








» • • • 


OTHER KINDS OF 










COAL. 










Derbyshire Deep Main 


9,400 


•424 


308 


Mr. Wright. 


Brymbo 2-yard Coal . 


8,880 


•463 


315 


Ditto. 


Powell Coal, 2 cwt." 










charges every 5 > 


10,165 


•459 


357 


Ditto. 


hours . . . . ^ 










Powell Coal, 1£ cwt." 










charges every 5 > 


8,250 


'470 


296 


Ditto. 


hours . . . . 










Bickerstaff, Liverpool . 


11,424 


•475 


415 


Mr. Hedley. 


Neath, South Wales . 


11,200 


•468 


401 


Ditto. 


Birmingham Gas" 
Company: Lump 1 
Coal from West j 
Bromwich . . . w 


6,500 


•453 


226 


f Birmingham Gas 
•< Company. Par- 
l liamentary return. 


West Bromwich . . 


6,500 


•455 


227 


f Birmingham and 
\ Staffordshire. Do. 


Macclesfield .... 


6,720 








Stockport .... 


7,800 


•539 


322 


Parliamentary return. 


Oldham Watergate" 










and Wigan Cannel > 


9,500 


•534 


388 


Manchester. Do. 


mixed • . 










Ormskirk or Wigan 1 
/. Slack .... J 


8,200 


•462 


290 

i. ... , 


f Liverpool,01dCom- 
\ pany. Do. 
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On the Quantities of Gas derived from Coal — continued. 









Weight 










of gas 






Cubic 




in lbs. 






feet of 




avoir- 






gasper 


Specific 


dupois 




Description of coal. 


ton of 
coal. 


gravity of 
of the gas. 


per ton 
of coal. 


Authority. 


DERBYSHIRE, WBL8H, 








i 


STAFFORDSHIRE, AND 










OTHER KINDS OF 










coal — continued. 










Low Moor mixed with "1 
two lands of Slack J 


8,000 


•420 


257 


Bradford. Do. 
' Leeds Company. 


Leeds Coal .... 


6,500 


•530 


263 


« Parliamentary re- 
turn. 


Cannel and common 1 
Coal mixed . . J 






• 


''Sheffield Company. 


8,000 


•466. 


285 


- Parliamentary re- 
turn. 


Derbyshire Soft Coal . 


7,500 


•528, 


303 


Leicester. Do. 


Ditto ditto 


7,000 


•448 


240 


Derby. Do. 


Ditto ditto 


7,000 


•424 


227 


Nottingham. Do. 


Staffordshire. 


4 . 










10,933 


•398 


333 


Mr. Clegg. 


Second variety . . . 


10,667 


•395 


322 


Ditto. 


Third variety . . . 


10,667 


•390 


-3J8 


Ditto. 


Fourth variety . . . 


9,600 


•320 


235 


Ditto. 


Forest of Dean . . . 


10,133 


•350 * 


271 


Ditto. 


Second variety . • . 


10,133 


•360 


279 


Ditto. 


Welsh Coal 






■• 




First variety . . . . 


10,000 


•385 


295 


Ditto. 

Ditto. I 


Second variety . . . 


10,133 


•380 


295 



308 ON WATER GAft. 



CHAPTER XIX. 

ON WATER GAS, OR THE HYDROCARBON PROCESS OF 

GAS -MAKING. 

If the steam or vapour of water be passed through a red-hot 
iron tube, the steam is decomposed, and hydrogen gas given off 
in considerable quantities: 10 fbs. or 1 gallon of water will 
yield 210 cubic feet of hydrogen gas, which, although pos- 
sessed of considerable heating power, is quite worthless for 
illuminating purposes. Hydrogen gas, however, has been 
successfully applied for heating stoves, and when the jets 
of lighted gas are made to burn in a stove filled up with loose 
fragments of platinum-foil a very cheerful-looking fire is pro- 
duced, well known to the public under the name of Bachhoff- 
ner's polytechnic fire, from its frequent exhibition at the 
Polytechnic Institution of London by Professor Bachhoffher. 

We are not aware that any systematic manufacture of 
hydrogen gas has been attempted on the large scale for the 
purpose of heating, but it will probably not be long before 
some such proposal will be brought forward. In the mean- 
time several patents have been taken out during the last few 
years for producing hydrogen gas from water, and bringing 
it into combination with rich gases derived from oil, resin, tar, 
naphtha, cannel coal, and other materials which yield highly 
illuminating gases. Among those who have taken out patents 
of this kind within the last few years are Donovan, Lowe, 
Manby, Val Marino, Radley, White, Croll, Webster, Barlow, 
and Gore. 

Although the processes indicated by all these patents 
differed very slightly from each other, if indeed they are not 
in some cases perfectly identical, the only one which has been 
carried out in a really practical manner is that of Mr. Stephen 
White. Under the patent of this gentleman the towns of 
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Ruthin, Southport, Warminster, Dunkeld, together with many 
mills and factories in Lancashire, have been lighted with gas 
manufactured from water and combined with the gas from 
resin or cannel coal. 

The statements which have been put forth from time to 
time as to the working of Mr. White's process are exceedingly 
discordant. Writers on the subject who appear to be imbued 
with prejudices in favour of the old establishments for making 
gas from coal and nothing else, declare that the value of the 
materials used by Mr. White for producing 1000 feet of mixed 
water and resin gas, equal in quality to coal gas, amount 
to 2*. \0d., while the cost of Newcastle coal to produce the 
same quality and quantity of gas is only \0\d. On the other 
hand Mr. White, the patentee, boldly declares that the cost of 
materials for manufacturing 1000 feet of his gas is only 3£<£., 
a disparity so great as to show very clearly a great error 
on one side or the other, and perhaps on both sides. "* 

However this may be, it is quite certain that the patentee 
has been supplying gas to several mills in the neighbourhood 
of Manchester, manufacturing it himself on the premises, and 
paying all expenses, at the rate of 1*. Sd. per 1000 feet. 
In order to do this he has had to remove all the old retorts 
and fix new ones, but is allowed the use of the gas-holders 
already on the premises. 

The following particulars of the mode in which the hydro- 
carbon gas is manufactured at Messrs. Clarke and Co.'s mills, 
in Pollard Street, Manchester, appear to be given without any 
undue bias, and will furnish a good example of the mode 
of manufacturing this kind of gas. 

The proprietors it seems had erected on their own premises 
the necessary apparatus for making the ordinary coal gas, con- 
sisting of nine horizontal and cylindrical retorts about 6 feet 
in length, and about 14 inches inside diameter, and from these 
retorts the usual supply of gas was from 18,000 to 20,000 
cubic feet per day. When the patentee undertook to supply 
his hydrocarbon gas to this mil he removed the old retorts 
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and erected four new ones, which now yield as much gas as the 
old ones. The apparatus which Mr. White erected consists of 
two horizontal retorts of the D shape, measuring each about 
6 feet long by an average diameter of 14 inches ; and of two 
vertical retorts called L retorts, each 7 feet long by 9 inches 
diameter. These are placed in a furnace measuring internally 
4 feet 3 inches by 6 feet 6 inches, and so arranged as to econo- 
mize the fuel necessary for getting up the requisite heats. 
The gas is produced from resin and water ; the resin mixed 
with residual oil being melted in a small vessel outside the 
gas-house, is siphoned into the D retort in a liquid state, and 
is decomposed therein. The water is siphoned from a small 
tank into the L retort, and entering at the top is decomposed 
by passing over charcoal and iron scraps at a high tem- 
perature. The gas thus produced enters the D retort by a 
connecting pipe, and in passing through its chambers becomes 
permanently united with that produced from the resin, forming 
in this compound state the hydrocarbon gas. The remainder 
of the apparatus is very similar in general principles to that 
used for coal gas, with the exception of the purifiers and 
washers, which are considerably smaller than those required 
for the coal gas. Besides the resin and water mentioned above, 
there is a small quantity of charcoal and scrap iron used in 
the manufacture. The proportions are 1 cwt. of resin, which 
produces 12 gallons of melted resin; 15 pints of water; £th 
of a bushel of charcoal, and \ ib. of common scrap iron. 
These ingredients it is said produce on an average 1500 or 
1600 feet of gas and 3 gallons of residual oil, of which 
1 gallon is used up with the resin, so that the residual product 
is, in fact, 2 gallons of oil. * 

Some very interesting experiments have since that time been 
made by Dr. Frankland, Professor of Chemistry in Owen's 
College, Manchester, on the hydrocarbon gas as manufactured 
at Messrs. Clarke's mills. Dr. Frankland had the whole ap- 
paratus placed at his disposal, and minutely examined into 
the coat of the gas, its composition, and illuminating power. 
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" The following is an abstract of his results : 

Cost of production. 
First day : 

i. d. 
Resin, 2cwt. 1 qr. 17| lbs. at 3t. 6d. per cwt. . .85 

Coal, 1 cwt. 2 qra. at 6#. per ton .... 5^ 

Charcoal, 10 lbs. at bd. per bushel of 20 fbs. . . 2£ 

Lime 1 

9 1* 
8. d. 

Less 10*6 gallons of residual oil at Id. 6 2 

Cask 5 

6 7 

Gas produced 3340 feet 2 6f 

Hence the cost of 1000 cubic feet was 9\d. for materials 
alone. 

On the second day the materials, estimated as before, cost 
As. 3c?. for the production of 3800 cubic feet, or at the rate of 
I*. \\d. per thousand. 

Third day, cost of materials 5*. Z\d.; gas produced 4157 
feet, or at the rate of 1*. 3%d. per thousand. 

Fourth day, cost of materials 5*. 8 J d. for the production of 
3378 cubic feet, or at the rate of 1*. A\d. per thousand. 

Fifth day, cost of materials As. A\d. for the production of 
3688 feet, or at the rate of 1*. 2\d. per thousand. 

The working of these five days gives an average cost for ma- 
terials of nearly 1*. 2d. per thousand feet. 

Dr. Frankland observes, that " in the water-retorts two dis- 
tinct decompositions take place: namely, first, the decom- 
position of steam by charcoal, with the production of equal 
volumes of hydrogen and carbonic oxide gases ; and secondly, 
the decomposition of steam by charcoal, with the formation of 
two volumes of hydrogen and one volume of carbonic acid. 
This mixture of hydrogen, carbonic oxide, and carbonic acid, 
along with a large excess of steam,, then passes into the resin 
retort, where mixing with the decomposing tc&ycl ^wjwa ^ 
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twice traverses the whole length of the red-hot vessel. There 
is do doubt that the greater portion of the water gas is pro- 
duced by the decomposition of this excess of steam in the resin 
retort, since the weight of charcoal required for the formation 
of the volume of water gas generated in all the experiments is 
more than twice as great as that which disappeared from the 
water retort. This circumstance elucidates the advantages 
arising from the passage of this gas mixed with steam through 
the resin retort : the fuliginous matter which would otherwise 
accumulate and block up this retort and its exit-pipe, as is well 
known to be the case when resin alone is used, is converted 
into permanent combustible gas." 

Dr. Frankland combats the opinion that the hydrogen of 
the water enters into combination with the carbon vapours 
formed in the resin retort, and maintains on the contrary that 
no portion of the hydrogen enters into any chemical combina- 
tion whatever, and this he determines in a very clear manner 
by his analysis of the hydrocarbon gas. 

Dr. Frankland' s very careful experiments for comparing the 
illuminating power of the hydrocarbon gas with that of Man- 
chester coal gas gave the following results : 

Manchester Hydrocarbon gat Hydrocarbon gas 

coal gas. unpurifled. purified. 

100 104-2 1125 

Dr. Frankland observes that there is a distinction between 
unpurifled coal gas and unpurified hydrocarbon gas. The 
former contains sulphuretted hydrogen, ammonia, bisulphuret 
of carbon, and other noxious ingredients, while the latter does 
not contain any noxious principle, but simply has its illumina- 
ting power diminished by the presence of carbonic acid. 

According to Dr. Frankland's experiments, the specific 
gravity of the hydrocarbon gas was, 

Before purification *65886 

After purification *59133 

Specific gravity of the ordinary 'Ntancta&ter. coal gas . *52364 
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In conclusion, Dr. Frankland remarks on the perfect free- 
>m of hydrocarbon gas from all substances which can prove 
jurious to furniture, plate, drapery goods, &c, and alludes 
pecialry to its freedom from the bisulphuret of carbon, a 
impound which commonly exists in coal gas, and which has 
therto defied all attempts to remove it. 

Dr. Frankland made a further series of experiments at the 
une works, in order to compare the gas produced from can- 
si coal alone with that produced by the addition of water gas. 
hese experiments were made in all cases on 112tbs. of coal, 
le distillation being continued until all the volatile matters 
ere expelled from the retort. The water gas was produced as 
sual, by allowing a thin stream of water to fall upon charcoal, 
eated to full redness, in a separate retort. This gas, along 
ith the excess of steam, then passed into the lower division 
f the coal retort, sweeping in its course the gases forming in 
oth the lower and upper divisions rapidly into the hydraulic 
lain, and producing in its passage an additional quantity of 
rater gas by the action of the steam upon the coal tar. 

cubic feet. 
From 1 cwt. of the Wigan cannel coal from Ince Hall, 

Dr. Frankland produced 545 

And from the same weight of coal with the addition 

of water gas 806 

From Boghead Cannel. 

Without water gas 662 

With water gas 1908 

And in another experiment ' 2582 

From Lesmahago Cannel. 

Without water gas 531 

With water gas 1459 

From Methyl Cannel. 

Without water gas 478 

With water gas 1320 

o 
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cubic feet. 

From Ramsay's Newcastle Cannel.* 

Without water gas 515 

With water gas 751 

From Wigan Cannel (Balcarres). 

Without water gas 522 

With water gas , 775 

The comparison of the illuminating power from the simple 
cannel coal with the illuminating power after the addition of 
the water gas is one of great importance, as it is on such a 
comparison that the opponents of the water gas rely. They 
contend that the water gas dilutes the rich cannel coal gas to 
a great extent and deteriorates its illuminating power in a high 
degree. I select from Dr. Frankland's experiments those 
which were made under strictly similar circumstances, being 
those only which afford a perfectly fair comparison. 

1st. Wigan Cannel {Ince Halt). 





Shadow test. 

Cubic feet of 

gas required 
per hour to 
produce a 

light equal to 
1 candle. 


Number of 
candles equal 
to a fish-tail 
burner con- 
suming 4 feet 

per hour, 
pressure '6 in. 


Number of 

candles equal 

to a fish-tail 

burner con- 
suming 5 feet 

per hour, 
pressure *5 in. 


Without water gas 
With water gas . 


•5 
•575 


18 
15-8 


221 
200 



Boghead CanneL 

The experiments do not appear to have been satisfactorily 
made in this case, as the water retort delivered its gas into the 
hydraulic main instead of passing it through the coal retort, 

* Dr. Frankland doubts whether the specimen of Ramsay's cannel 
which he operated upon was genuine. The result seems disproportionate 
to the known value of this coal as used at the Western Gas -Works, near 
Kenstdl Green. 
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€t thus reducing," in the words of Dr. Frankland, "the advan- 
tageous operation of the water gas in rapidly sweeping out the 
illuminating gases from the coal retort, and, in addition, pre- 
venting the removal of a considerable amount of carbonic acid, 
which materially diminished the illuminating power, as indi- 
cated by the photometer." 





Lesmahago Cannel 








Shadow test. 

Cubic feet of 

gas required 
per hour to 
produce a 

light equal to 
1 candle. 


Number of 
candles equal 
to a fish-tail 
burner con- 
suming 3 feet 

per hour. 


Number of 
candles equal 
to a fish-tail 

burner con- 
suming 3 feet 
per hour. 


Number of 
candles equal 
to a fish-tail 
burner con- 
suming 4 feet 
per hour. 


Without water gas 
With water gas . 


•35 
•5 


12-1 
93 


23-2 
132 


28-7 
191 



Methyl Cannel, 



\ 


Number of 
candles equal 

to a fish-tail 
burner con- 
suming 2 feet 
per hour. 


Number of 
candles equal 
to a fish-tail 
burner con- 
suming 3 feet 
per hour. 


Number of 
candles equal 
to a fish-tail 

burner con- 
suming 4 feet 
per hour. 


Number of 

candles equal 

to a fish-tail 

burner con- 
suming 5 feet 
per hour. 


Without water gas 
With water gas . 


101 
72 


17*4 

10-7 


21-5 
15-3 


278 
210 



Ramsay's Newcastle Cannel. 






Without water gas 
With water gas . 



Shadow 

test. 
Cubic feet 

of gas 
required to 
produce a 
light equal 
to 1 candle. 



•575 
•725 



Number of 
candles 

equal to a 
fish-tail 
burner 

consuming 
3 feet 

per hour. 



8*4 



58 



Number of 
candles 

equal to a 
fish-tail 
burner 

consuming 
3 feet 

per hour. 



11-9 
103 



Number of 
candles 

equal to a 
fish-tail 
burner 

consuming 
4 feet 

per hour. 



200 
141 



Number of 
candies 

equal to a 

fish-tail 

burner 

consuming 

5 feet 
per hour. 



\ 



24-5 



18*8 



\ 
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Wigan Cannel (Balcarres). 



1 

1 

1 

1 


Shadow 

test. 

Cubic feet 

of gas 

required to 

produce a 

kght equal 

to 1 candle. 


Number of 
candles 

equal to a 
fish-tail 
burner 

consuming 
2 feet 

j>er hour. 


Number of 
candles 

equal to a 
fish-tail 
burner 

consuming 
3 feet 

per hour. 


Number of 
candles 

equal to a 
fish-tail 
burner 

consuming 
4 feet 

per hour. 


Number of 
candles 

equal to a 
fish-tail 
burner 

consuming 
5 feet 

per hour. 


Without water gas 
With water gas . 


•675 
•7 


60 
56 


10-9 
9-5 


14-7 
141 


19-9 
191 



PER-CENTAGE COMPOSITION OF THE GASES. 



Wigan Cannel (InceHall). 





Without water gas. 


With water gas. 


Hydrocarbons and olefiant gas . 
Light carburetted hydrogen 


10-81 
41-99 
35*94 
10-07 
1-19 


1055 
2720 
47-39 
14-86 




Lesmahago Cannel. 





Without water gas. 


With water gas. 


Hydrocarbons and olefiant gas . 
Light carburetted hydrogen 

Carbonic acid 


* 
16-31 

4201 

26*84 

14-18 

•66 


10-89 
18*94 
55-09 
1502 
006 
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Methyl CanneL 



J Without water gas. 


With water gaa. 


Hydrocarbons and olefiant gas . 
Light carbnretted hydrogen 


1448 
38-75 
33-32 
13-40 
•05 


1106 
22-89 
45-58 
2044 
03 



Ramsay's Newcastle CanneL 



; Without water gas. 



Hydrocarbons and olefiant gas . 
Light carbnretted hydrogen 

Hydrogen 

Carbonic oxide 

Carbonic acid 



9*68 
41-38 
33-30 
15-64 

000 



With water gas. 



9-04 

26-84 

44-26 

19*39 

•47 



No analysis was made of the Balcarres cannel gas. 

It appears from these experiments that the illuminating 
power is invariably diminished after the addition of the water 
gas. At the same time the compound gas is superior in illu- 
minating power to ordinary coal gas. 

Dr. Frankland remarks on the disappearance of carbonic 
add from the water gas in its progress through the coal retort 
as a circumstance highly favourable to the hydrocarbon pro- 
cess. He observes, that the carbonic acid of the water gas is 
destroyed by some action taking place during its passage 
through the coal retort, thus obviating all trouble and expense 
of removing the carbonic acid by any process of purification. 
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It will be observed from the analysis that the carbonic oxide is 
always greater after the addition of the water gas, so that it is 
probable the carbonic acid is destroyed by combining with more 
carbon derived from the coke in the coal retort, which converts 
it into carbonic oxide. 

In applying the hydrocarbon process to resin, this effect does 
not take place, as the resin does not furnish the necessary car- 
bon, so that the carbonic acid is not removed. 

Dr. Frankland is of opinion that a great part of the addition 
made by the water gas is not generated in the charcoal retort, 
but is due to the action of the steam on the carbonaceous mat- 
ter in the coal retort ; attributing it in all probability to the 
action of steam on the hydrocarbons of the tar. 

As Dr. Frankland has not given the quantities of water used, 
we have no means of knowing whether the whole of the gas 
capable of being produced by the decomposition of the water 
enters the hydraulic main, and becomes a part of the mixed 
gas. 

Some experiments made by Messrs. Brande and Cooper at 
the Royal Mint about the same time, show that when steam is 
passed into a retort charged with red-hot coke at the rate of 
15 gallons of water to 1 ton of coal, a great part of the steam 
escapes decomposition. 

Dr. Frankland' s experiments on the illuminating power show 
that although the diluted gas, as it may be termed, has a lower 
power than that from cannel coal alone, yet the diminution is 
by no means in proportion to the increased volume of the gas. 
Thus taking the first experiments on the Ince Hall cannel, 
where the volumes of gas, with and without the addition of the 
water gas, were 806 and 545, the illuminating power with a 
4-feet burner was as 18 to 15*8; whereas if the power dimi- 
nished as the increase of volume, it would be as 18 to 12*1. 
Again, with a 5 -feet burner where the illuminating power is as 
22' 1 to 20, it would be as 22*1 to 14*9 if diminished inversely 
as the volume. 

So with the Lesmahago cam&\, ^ikte we have illuminating 
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powers in the ratios of 23*2 to 13*2 and of 287 to 191, we 
should have inversely as the volume, instead of 13*2 and 19*1, 
an illuminating power of only 8*4 and 10*4. The same kind 
of proportion holds true with all the other experiments. 

Messrs. Cooper and Brande's experiments, however, gave a 
widely different result, but as most of their experiments were 
tried on ordinary coal and not on cannel, it is difficult to make 
a fair comparison. 

They have recorded one experiment, however, on Ramsay's 
Newcastle coal, which may be compared with Dr. Frankland's. 

They found, that when the steam of 15 gallons of water per 
ton of coal was passed into the retort during the distillation, 
that they obtained 12,586 cubic feet of gas from a ton of coal, 
while Dr. Frankland's quantity of gas by the hydrocarbon pro- 
cess was at the rate of 15,020 cubic feet. 

But the greatest disparity appears when the illuminating 
power is tried, for Messrs. Cooper and Brande found that 
their gas from a burner consuming 5 feet per hour gave a light 
only equal to seven sperm candles consuming 132 grains per 
hoar. Now we have seen that Dr. Frankland's hydrocarbon 
gas from the same coal gave a light with a 5 -feet burner equal 
to 18*8 candles of 120 grains = 17*1 candles of 132 grains. 
There must therefore have been some wide difference between 
the process adopted by Messrs. Brande and Cooper and that 
of Dr. Frankland. 

The hydrocarbon process has several powerful advocates. 
In addition to Dr. Frankland, the subject has been warmly 
taken up by Mr. Clegg, who assigns the almost fabulous quan- 
tity of 75,000 cubic feet of gas as the produce of one ton of 
Boghead cannel when treated with the hydrocarbon process. 
Mr. Clegg estimates the expense of the manufacture at 9 id. to 
1 Hd. per 1000 feet of 12-candle gas, and from 1 Id. to 1*. 3±d. 
per 1000 feet of 20-candle gas. On the other hand, Dr. Fyfe 
of Aberdeen, who has written and experimented with great 
ability on the distillation of coal, almost entirely condemns 
the process, asserting from his own experiments on the hydro- 
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carbon process with Boghead cannel coal, that in no instance is 
there any gain in the amount of light from Boghead coal gas 
by the agency of water in the method recommended by the 
advocates of the hydrocarbon gas. 

In Mr. Clegg's experiments on the hydrocarbon gas he com- 
pares the quantities made by the old and the new process by 
reducing the produce to a standard value of 20 -candle gas, 
that is, gas which when consumed at the rate of 5 cubic feet 
per hour gives a light equal to that of 20 sperm candles, each 
burning 120 grains per hour. He also uses a standard for 
comparison, which he terms that of ordinary London gas, 
namely, gas which in a 5-feet burner gives a light equal to 
12 such candles. The former he terms 20-candle gas, and 
the latter 1 2-candle gas. 

Mr. Clegg gives the detailed result of his experiments on 
three kinds of cannel coal, namely, the Wigan, the Lesmahago, 
and the Boghead. 

From the Wigan cannel he states that about 10,000 cubic 
feet of 20-candle gas can be made from a ton of coal, while by 
the hydrocarbon process about 16,000 feet of 20-candle gas or 
26,000 feet of 1 2-candle gas may be made from a ton. 

He speaks still more favourably of the produce from Lesma- 
hago cannel, which according to him will yield by the common 
process about 10,500 feet of 40-candle gas. 

The same coal by the hydrocarbon process yields per ton 
36,000 feet of 20-candle gas, and 58,000 feet of 1 2-candle 
gas. 

The Boghead cannel, according to Mr. Clegg, yields by the 

old process about 13,500 feet of gas,* and by the hydrocarbon 

process about 52,000 feet of 20-candle gas and 75,000 feet of 

1 2-candle gas. 

The results of Mr. Clegg's experiments on these three kinds 

* Mr. Clegg does not state the illuminating value of this gas, but in 
the Table below it has been assumed as 40-candle gas, — a supposition 
which corresponds with Mr. Clegg's ottat xewdta. 
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of coal may be further exhibited by stating the whole quantity 
of light given by a ton of the coal.' Thus 



Description of Coal. 


Number of sperm candles, each burning 

t ISO grains per hour, required to give a 

light equal to that produced by the gas 

from one ton of coal. 


By the common 

process, or without 

water gas. 


By the hydrocarbon 

process, or with 

water gas. 


Wigan cannel . . . 
Lesmahago cannel . 
Boghead cannel . . 


40,000 

84,000 

108,000 


64,000 
144,000 
208,000 



In the item of labour Mr. Clegg claims a considerable ad- 
vantage for the hydrocarbon process. He takes the case of 
three retorts worked by each method. Under the old system 
each retort must be charged and drawn either three or four 
times in the twenty-four hours. By the hydrocarbon process, 
however, there will be only two retorts to charge and two to 
draw, as the third retort, which makes gas for the other two, 
requires only to be replenished with about a shovelful of coke 
in six hours, and the water, being self-acting, requires no 
attention. 

From these considerations Mr. Clegg calculates the saving 
in labour at fully 75 per cent. 

In the items of fuel, and wear and tear of retorts, Mr. Clegg 
calculates that the expenses will be about the same under 
either process of gas-making. 

On the subject of purification Mr. Clegg observes, that the 
only impurity due to the water gas is carbonic acid gas, which 
is generated in no larger proportion by the hydrocarbon pro- 
cess than when cannel coal is used alone. The opposite of this 
is the case when the hydrocarbon process is used with resin. 
When applied to cannel coal, however, Mr. Clegg estimates 
the cost of purification to be in favour of White's process in 
nearly the same ratio as the increase of volume. 

oo 
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In comparing the cost of manufacturing gas by the hydro- 
carbon process with that made under the old system, Mr. Clegg 
separately estimates the cost of making gas from cannel coal 
alone, and also that of producing the water gas in connection 
with coal gas. 

The following are Mr. Clegg* s estimates for making 1000 
feet of coal gas with an illuminating power = 20 candles for 
5 feet of gas. 

Wigan Cannel, costing 18*. per ton, and producing coke worth 

48. per ton. 

d. 

Cannel, 224 ft 8., at 18*. per ton . . . .21*60 

Labour 3*50 

Lime 0*50 

Repair of retorts, works, and mains . . . . 5*00 

30-60 
Creditor by coke, &c 4* 

26-60 
Or 2s. 2\d. per thousand feet. 

Lesmahago Cannel, costing 24s. per ton. 

Cannel, 213 lbs., at 24*. per ton .... 27*40 

Labour . . . 3*50 

Lime 0*50 

Wear and tear of retorts, mains, &c 5*00 

36-40 
Or 3*. 0£rf. per thousand feet. 

Boghead Cannel, costing 28s. per ton. 

Coal, 166 fts., at 28*. per ton 24*75 

Labour 2*40 

Lime 0*25 

Fuel 4-50 

Repairs of retorts, mains, &c 3*50 

35*40 
Or 2*. ll&rf. per thousand feet. 

His separate estimate for the production of 6000 feet of 

water gas when made in connection with cannel coal gas, as in 

the hydrocarbon process, \s t\ifc foUorom** \ 
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t 

f. d. 

Fuel 9 

Labour 5f 

Bepair of mom, maint, &c 1 2J 

Coke to flmmipo fc f water 2 J 

2 6 
Or £4. per thousand feet. 

In estimating the cost of the mixed gas made in the hydra- 
carbon process, Mr. Clegg takes the quantity due to the coal 
at the ordinary cost of cannel coal gas, and estimates the extra 
quantity due to the water gas at 5a 7 . per 1000 feet, according 
to the preceding detail. 

Hie following Table presents a condensed view of Mr. Clegg s 
results as to the comparatiTe cost of gas-making. 



DuciJjitraB rf Cud. 


Cwcrf liMft. 

of S»-candfc cm 
bytbeold~ 


Co«t ef itMft- 

af Sfr-candle pas 

bytbebydro- 


Coat of liMfe. 
erf 13-eandje pa 
by tbc bydro- 
auboa process. ', 




*. 


dL 


«. «*. 


«. dL | 


Vig«, eanmel, at 14,. j 


1 


9| 


1 3* 


o in 


Lesnabago cannel, ttl 
18c per ton . . . j 


2 


&i 


11| 


1 


Boghead canned at 20t. ' 


2 


4* 


11 


o H 



Mr. Clegg claims several other advantages for the hydro- 
carbon process, such as the saving of working capital required, 
and the diminished quantity of coke produced in proportion to 
the quantity of gas made. 

He observes, that the hydrocarbon gas is less liable to con- 
densation and deposit of light-giving material from low tem- 
peratures than the ordinary coal gas, and that for domestic 
use it is decidedly superior, as it does not evolve so much heat 
or generate so much carbonic acid during combustion as the 
coal gas. 

It appears that water gas is made under Mr. White's pro- 




cess in several places for heating and singeing purposes, in 
which case Mr. Clegg states its cost is about the same as that 
of ordinary gas made from cannel coal alone. 
The hydtoctaboa process does not ^cm to have been sue- 
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Ail in combination with resin, as most of the works in 
;h resin was at first used are now adopting cannel coal, 
igs. 75 and 76 show the mode of setting retorts adopted in 
ral small works where White's hydrocarbon process is used. 
75 shows two retorts set in one oven, and part of another 
l also containing two retorts. Fig. 76 is a longitudinal 
Ion through the centre of one of the retorts. 
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The ovens for these retorts are 5 feet wide, with semicircular 
arches, and the length of the retorts exclusive of mouth-piece 
is 6± feet. The retorts only differ from an ordinary oval form 
by having a horizontal partition or diaphragm cast in the 
centre, dividing the retort into an upper and a lower chamber. 
This diaphragm extends to within 1 2 inches from the back end 
of the retort, and serves to strengthen it. 

In the following description the letters of reference refer to 
the same parts in both figures : aaa are the upper chambers 
of the retorts ; b b b, &c. are the lower chambers ; c c is the 
connecting pipe cast on the mouth-piece and forming an open- 
ing between 'the lower chambers of the two retorts in each 
oven ; d d is the ascension pipe, 6 inches inside diameter at 
bottom and 4 inches at top ; e e, &c. are the bridge and dip- 
pipes, the latter of which is shown in both figures dipping into 
the fluid of the hydraulic main ; //is the hydraulic main, 16 
inches diameter ; g shows one of the guard tiles used to defend 
the sides of the retorts ; h h h, &c. are the flues ; i i is the fur- 
nace; j is the ash-pan, and k is the siphon water-pipe for 
supplying water to the retorts. 

The retorts here shown are 25 by 16 inches, have an internal 
cubical area of about 16 feet, and the bed of two is capable 
of producing about 10,000 feet per day of hydrocarbon gas. 

The water gas is generated in the retort a in the following 
manner : the upper and lower chambers are well filled with 
coke or charcoal, and a very fine stream or rapid drops of 
water allowed to enter the top of the retort through the water- 
pipe and siphon k. The water falls into a small portable steam- 
generating tube, which is placed inside to receive it, and here 
it is instantly converted into steam. The steam in passing 
backwards along the upper chamber, and forwards along the 
lower chamber through the red-hot coke or charcoal, becomes 
thoroughly decomposed into hydrogen and carbonic oxide 
gases, with a proportion of carbonic acid gas which is removed 
bf passing the gas through a wet-lime purifier. 
The water gas generated m t\& letoxt a, as described above, 
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enters the lower chamber of the retort b through the connect- 
ing pipe c c ; the upper and lower chambers of b are charged 
with cannel coal, through which the water gas passes during 
the distillation of the coal. 

In this passage, the advocates of the hydrocarbon process 
contend that the water gas exercises a valuable influence by 
conserving the illuminating powers of the coal gas, increasing 
its volume at the same time, by accelerating its transit through 
the retort, and preventing destructive contact with its red-hot 
tides, and by arresting the formation of tar, much of which is 
converted into illuminating gas. 

In the mode of working which is illustrated by our wood- 
cuts, one water retort is employed for each coal retort, but the 
patentee states that when very rich cannels or other materials 
are used, either two, three, or four water retorts may be made 
to discharge their water gas into the cannel retort. 

It .may also be observed that in adopting the hydrocarbon 
process the form of the retorts may be varied to suit existing 
ovens, also according to the quantity of gas required and the 
materials to be carbonized. 

Although the diaphragm or division plate shown in the en- 
gravings is horizontal, this is sometimes made in a vertical 
position, and cylindrical retorts may be used with either a 
horizontal or vertical diaphragm. 

Vertical retorts have occasionally been employed for the 
hydrocarbon process, and long retorts, open at both ends, may 
be used if required. 
' Amongst the other patentees who have turned their atten- 
tion to the manufacture of water gas, little has been done in 
the way of practical operations on a large scale. One or two 
small works have been erected at St. Ives and other places 
according to Mr. Webster's patent, which differs very slightly 
from that of Mr. White. 

Gillard's water and platinum gas appears nowhere to have 
been manufactured except on an experimental scale. Hi&^i^ 
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cess is to form hydrogen gas by admitting steam into a retort 
where it passes over a layer of incandescent charcoal. The gas 
is afterwards deprived of its carbonic acid by being passed 
through lime. The remaining gas, which consists of nearly 
pure hydrogen, is of course useless for illuminating purposes 
when burnt in the ordinary way. When consumed, however, 
in the method pointed out by the patentee, the gas is avail* 
able both for heating and lighting purposes. If used for 
lighting, the gas is made to pass through a kind of Argand 
burner surmounted by a platinum wire wick, something like 
net-work. It consists merely of a cage of very fine platinum 
wire on a small brass frame, fitted on to an Argand burner in 
such a manner that the top reaches a little above the dull 
hydrogen light, which as soon as the platinum cage is applied 
is converted into a globe of intense white light over the whole 
surface of the gauze, with an appearance of an inner flame 
rising rather above. 

Although this light is perfectly pure and brilliant, its illumi- 
nating power is by no means great. Probably the chief value 
of Mr. Gillard's invention is its application to heating pur- 
poses, for which it appears well adapted. 



CHAPTER XX. 



ON THE RATING OF GAS-WORKS IN PAROCHIAL ASSESS- 

MENTS. 

After many years of strife and contention, during which ex- 
travagant statements have undoubtedly been put forth on both 
sides of the question, a more rational and sober series of con- 
ditions appears to have been agreed upon. The principle is at 
least firmly established that every property, however great, 
and however extensive may be its ramifications, is to be rated on 
the rental which a tenant would gw* fat \t«sa whole from year 
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to year, deducting therefrom such expenses as will necessarily 
be incurred by the owner in order to command such a rental. 

In the following discussion I wish to guard myself from any 
imputation of advocacy on either side of the question. All my 
inclinations lead me to lean to the side of public companies 
associated together for purposes of enterprise, and who at the 
same time are frequently entitled to rank as public benefactors. 
I cannot, however, conceal from myself the fact, that a great 
deal of misplaced indignation has been displayed of late years 
by public companies and their organs on the subject of rating. 
They seem to have been especially irritated at seeing their pro- 
perty assessed on the same principles as other descriptions of 
property, and have sought to introduce exceptions and modes 
of dealing with their particular case which do not appear war- 
ranted by the law as it now stands. 

I shall not discuss the justice of the present law of rating, 
but simply endeavour to give, as clearly as I am able, my view 
of the manner in which it should be carried out, and the way 
in which gas property should be rated' in proportion to other 
property in the same parish . If powerful j oint-stock companies 
possessing a large interest in the soil, such as railway, canal, 
gas, and water- works companies, would consider for a moment 
the number of separate individuals which their gigantic con- 
cern displaces, and reflect how large an amount a parish 
would derive from the separate rating of so many individuals, 
they would see less reason to complain than^at present of the 
injustice of parochial rating. From a parliamentary document 
which appeared a few years ago, it appears that the London 
and Birmingham Railway proper, 112 miles in length, was 
rated to the relief of the poor on a- net rateable value of 
^£134,159. Now this rateable value applies to an expendi- 
ture of at least four millions sterling in works, buildings, and 
other stationary property which is clearly rateable, so that the 
value on which the railway is rated would be about 3*3 per 
cent, on the fee -simple of the property. But conceive the 
same amount of four millions sterling invested in building o€ 
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any description, it will be admitted by most persons who have 
attended to the subject, that such a rating is far below that 
which would be applied to buildings; and that, in fact, a 
rateable value equal to 6 or 7 per cent, of the value is by no 
means unusual. While on the one hand it is highly unjust 
for public companies to be rated for a mere local purpose at 
a higher proportionate rate than other properties, it is also 
manifestly unfair that they should escape local taxation to 
a greater extent than any other kind of property. 

In proceeding to rate any description of property extending 
into many different parishes, such as a gas-work, a railway, a 
canal, or a water- work, it is necessary first to determine the net 
rateable value of the whole, and then to apportion this net rate- 
able value amongst all the parishes in which the works are situate. 
I shall first consider the mode of ascertaining the rateable value 
of the property as a whole, and then proceed to the method of 
subdividing or apportioning this amongst the parishes. 

Now in order to arrive at the rateable value of the whole we 
are clearly to be guided by the words of the Act 6th and 7th 
William IV. chap. 96, which enacts that property is to be as- 
sessed first at that rent which it might reasonably be expected 
to let for from year to year, and then that the net rateable value 
is to be found by deducting from this annual rent such expenses 
for insurance, repairs, &c. as will enable the property to com- 
mand such rent. The exact words of the Act, which is com- 
monly called the Parochial Assessment Act, are as follows: 
" That no rate for the relief of the poor in England and Wales 
shall be allowed by any justices, or be of any force, which shall 
not be made upon an estimate of the net annual value of the 
several hereditaments rated thereunto ; that is to say, of the 
rent at which the same might reasonably be expected to let, 
from year to year, free from all usual rates and taxes, tithe 
commutation rent charge, if any, and deducting therefrom the 
probable average annual cost of repairs, insurance and other 
expenses, if any, necessary to maintain them in a state to com- 
jnaad such rent/' 
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The first thing therefore in rating a gas-work is to determine 
the rent at which it may he expected to let from year to year, 
and here immediately and directly arises the necessity for a 
reference to the company's balance sheet, in order to find out 
the profit which the company is making. It has happened in 
the absence of such a document, when access to the company's 
books has been refused from some cause or other, that valuers 
have been required to form an estimate of the annual value 
from independent calculations of their own, in which the cost 
of manufacturing the gas is deduced from certain data real or 
imaginary, and a profit assumed as the amount realized by the 
company. I shall not stop to inquire into the mode of so esti- 
mating the profits of a gas-work, although when the amount of 
coal carbonized is known, the number of retorts being given, the 
locality and other circumstances being taken into consideration, 
a tolerably fair approximation may be made. I am only desirous 
at present to establish, as a foundation to proceed upon, that the 
profit realized by the company in any one year is the basis or 
ground-work from which the rateable value must be derived* 

This point should be clearly settled at the outset, because it 
has been contended more or less ever since 1836, when the 
Parochial Assessment Act passed, that such a mode of assess- 
ment was unfair with respect to railways and similar works. It 
has been said that in seeking to ascertain the profits of a rail- 
way company you are seeking to rate them on profits, which is 
expressly forbidden by a short Act which is passed every ses- 
sion for the purpose of exempting stock in trade from liability 
to be rated. But on the other hand it is to be observed, that 
the inquiry into profits is rendered necessary in order to ascer- 
tain what the property would let for, and this is precisely that 
which is directed to be ascertained by the Parochial Assess- 
ment Act. The necessity for inquiring into profits is supported 
by every example that can be brought to bear on the subject. 

In the case of rating ordinary houses the gross annual value 
is a very simple affair, because the house has generally a tenant 
who does actually pay a rent for it, and even if in the land* 
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lord's occupation, the value to let is easily inferred from com- 
parison with similar houses ; hut when we come even to the 
most simple case of premises deriving a peculiar value from 
situation, manufacturing power, or any other circumstances, 
we require to know immediately the amount of profit which 
annually arises from such circumstances. Thus we may know 
perfectly well, without any inquiry into profits, what all the 
houses in any particular street will let for ; hut suppose one 
house to he fitted with a billiard-table from which the tenant 
derives a profit, we shall require to know the amount of this 
profit before we can estimate the additional value to let which 
is conferred by the billiard-table. 

The same remark applies to peculiar situation and to manu- 
facturing power as where machinery exists on the premises. 
In all these cases, where the landlord holds or occupies the 
property himself, we ought to know the profit which he de- 
rives before we can possibly estimate the value of the property 
to let from year to year. . 

Admitting then that the profit must be inquired into, there 
are two ways of arriving at this^ either by taking it from the 
company's books of account, or making an independent estimate 
of what the profit ought to be. In the case of railway com- 
panies, the business carried on is so extensive and complicated 
that as a matter of necessity the parochial officers and persons 
acting for them are compelled to take the profit from the ac- 
counts of the company, usually from the accounts published 
for their half-yearly meetings. In the case of gas companies, 
however, some of which are not under the most efficient ma- 
nagement, it is not unusual for valuers to make their own esti- 
mate of the profits on certain known data, which are perhaps 
admitted on the part of the gas company. I shall not at pre- 
sent enter into the mode of estimating the productive power, 
and consequently the profit of a gas company, but suppose 
that this has been ascertained by one or other of the means 
pointed out, and that the profit is found to consist of a 
certain sum which Temains tftet dtdneting the total ex- 
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penditure of the year from the gross receipts during the same 
period. 

We have now»arrived at the profit made by the company 
whilst the works are in their own occupation, but this is not 
the sum which a tenant will give for them, because he must 
not only have a certain sum left for himself as a remuneration 
for his time and superintendence, but must have interest for 
the capital employed to carry on the works. 

The amount and nature of these arbitrary allowances for the 
tenant have given rise to great disputes, and the utmost variety 
of opinion is entertained on the subject. It appears to be an 
* admitted principle on all sides that the tenant is to be allowed 
a certain amount of capital to carry on the works, that is, to 
pay for coal, lime, wages, &c. until his returns are received 
for gas and coke sold ; and also that he is to be allowed for 
capital corresponding in amount with the present value of such 
machinery as comes under the denomination of stock in trade, 
and which cannot be rated as forming a part of the premises, 
or an hereditament attached to the soil. 

On the part of the gas company the whole yearly expendi- 
ture is first deducted from the gross receipts, including such 
items as wear and tear of retorts, loss by meters, rates and 
taxes, directors' and auditors' salaries, bad debts, &c. The 
balance which remains is then subject to what are termed arbi- 
trary allowances for tenant, in which his capital is made to 
consist of the following items : 

1. Capital required to enable him to carry on the works, 
usually estimated by valuers for the companies at about half 
the gross expenses for one year. 

2. The present value of the meters, retorts, and other stock 
in trade. 

On the capital so arrived at, it is assumed that the tenant 
would require 5 percent, for interest and 12£ per cent, for 
profit, which amount is therefore deducted from the gross 
value as an arbitrary allowance to the tenant. 

On the other hand, the parties usually employed to value for 
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the parishes, contending that directors' and auditors' salaries 
being already allowed for in the expenses, make this a set-off 
against the remuneration of the tenant. Considering farther 
the perfect security for payment which the Act of Parliament 
gives to most gas companies, the means which they have of en- 
forcing payment, and the small amount of risk incurred in car- 
rying on their business, they contend that such an allowance 
of 17^ per cent, for capital is excessive, and ought not to be 
more than 10 or at most 15 per cent. Then as to the amount 
of capital, they seem to have generally allowed the retorts to be 
stock in trade, but not the meters, which they consider fixtures 
to the mains, and therefore subject to be rated. 

An example of estimates formed on these varying principles 
will be shortly given, from which it will be seen how widely 
these arbitrary deductions vary according to the views adopted 
by the valuers. 

I now come to the class of deductions comprised under the 
head of statutable allowances, comprehending all those (such 
as rates, taxes, insurance, and repairs) which are necessary to 
enable the premises to command the rent assumed. Here the 
valuers for gas companies have sought to bring in charges for 
repairs, or rather for restorations, which are said to be neces- 
sary, in addition to those which appear in the annual current 
accounts. For instance, they claim an annual allowance for the 
repair of buildings, although the accounts include every farthing 
which has been expended in such repairs. 

They also claim an allowance for insurance of buildings be- 
yond any amount which is actually paid for such a purpose. 
Besides which they claim an allowance of 2 per cent, on the 
value of all their trade fixtures and utensils, and of 1 -J- or 2 per 
cent, on the value of all the mains, for the reproduction of these 
when worn out. The valuers for parishes, on the other hand, 
entirely dispute these allowances, and contend that the current 
expenses provide for such reproduction by having everything 
renewed as fast as it is worn out and requires to be replaced. 

Some years ago, in the rating tf TOktaays, very extravagant 
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allowances were claimed, on the same principle, to cover the 
reproduction of the rolling stock and of the permanent way. It 
was, however, frequently suggested that if any provision were 
necessary for such a purpose, the railway company should itself 
set aside a sum annually, by way of sinking fund, to cover such 
an expense when found necessary. In certain cases where no 
such fund was set aside by the railway company, the allowance 
for reproduction was refused on the rate being appealed 
against. There is still a difference amongst railway engineers, 
however, as to the necessity for a depreciation fund. The 
London and Brighton Railway Company, acting probably under 
the advice of their able Chairman Mr. Lang, who possesses a 
vast amount of practical experience and valuable statistical 
knowledge, has been in the habit for some years of setting 
aside a sum out of its receipts to form a depreciation fund. 
On the other hand, such a fund has been declared altogether 
unnecessary by one of the most eminent and accomplished 
railway engineers of the day, who has devoted himself to every 
question of railway politics with an energy and industry pecu- 
liarly his own. I need scarcely say that I allude to the origi- 
nator of the broad gauge, who has publicly declared that the 
current accounts of the Great Western Railway include such 
expenses as are necessary, from time to time, for keeping in 
perfect order both the rolling stock and the permanent way, 
and that no annual reserve in the shape of a depreciation 
fund is necessary for their maintenance. 

I am aware that there are many rating cases which are 
tried on appeal at Quarter Sessions, where an intimation is 
given by the Bench that some allowance for depreciation 
should be made to the company beyond that which appears in 
their accounts. In addition to this, in the valuing of houses, 
manufactories, and many other descriptions of property, where 
no accounts of repairs have been kept, or where it appears 
clear that a charge for restoration will accrue suddenly at 
some future time, and cannot be provided for by annual 
repairs and restoration, it may be necessary to calculate, w*. 
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sound principles what the allowance should be for such a 
purpose. It will not be sufficient in such a case to assume 
an j mere arbitrary allowance on the cost, such as 1£, 2, or 
5 per cent., all of which sums have been claimed for repro- 
duction, but it must actually be ascertained what sum under 
the given conditions of the question will be an equitable 
allowance for the purpose. There are* two elements which 
must be assumed in any case of this kind ; first, the value of 
the object to be restored, and the period or distance of time 
at which the restoration is to be made. The value must not 
be the original value of the object when first erected, but its 
value at the time of making the rate, and when once the sum 
to be set aside annually is determined, it will be the same year 
after year, because, although the value of the object will 
diminish yearly, so also, in the same proportion, will diminish 
the number of years during which the annual sum is to be 
set aside. The principle I am now contending for is this, 
that the annual sum to be set aside is that sum which at com- 
pound interest will amount in the assumed number of years 
to the whole sum required at the end of that number of years 
to effect the restoration. For instance, suppose a building or 
any other object whose present value is £1000 should be 
assumed to last thirty years, when an amount of £1000 must 
be employed to restore it ; then, I say, the annual sum to be 
put aside is that which at compound interest, at 3 per cent., 
will amount in thirty years to £1000. Now, it appears from 
the tables of compound interest that £ 1 per annum invested 
at compound interest during thirty years will amount at the 
end of that time to £ 47. Hence it follows, if we divide 1000 
by 47, we shall have the sum which, being invested annually 
at compound interest, will at the end of that time produce 

£1000. Then ^? = £21. 5*. 8d., the sum to be invested 

annually. This would amount to rather more than 2 per 
cent., which is the proper allowance when the duration is 
estimated at thirty years. 
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When a period of twenty years is taken for the duration of 
an object, an allowance of nearly 4 per cent, must be made. 

When the period is 30 years, 2 per cent. 

40 „ 1-3 „ 
$9 50 99 *88 „ 

The following estimate, made by Mr. Lee, of the net 
rateable value of the Phoenix Gas Company, forms a good 
example of the mode usually adopted by the valuers of gas 
companies for assessing the rateable value. This valuation 
was made in 1849 on the occasion of an appeal by the Phoenix 
Gas Company against the rate in the parish of Greenwich. 

£. t. d, 

Netbalance for 12 months, taken from the* Company's 
Books 21,964 12 

Arbitrary deduction to arrive at the gross estimated 

rental: 

Plotting capital employed by tenant, £. #. <L 

assumed equal to 6 months' expenses 33,210 

Present value of meters, the cost being 

£26,000 15;000 

Present value of retorts • • 7,525 



.^»" 



Total amount of tenant's capital .£55,735 

5 per etnt for interest on £ 55,735 is . 2,786 
12i per cent, for tenant's profit on 
£55,735 6,966 

Amount of interest and tenant's profits for one year . 9,752 

Gross estimated rental 12,212 12 

Statutable deductions. 

Bates and taxes previously deducted in arriving at net 
balance; annual repairs of buildings previously de 
ducted: 

Insurance on buildings, value £ 65,054, 
at 5*. 162 



338 ON THE RATING OF GAS-WORKS 



. 


£. #. d. 


<£. #. d. 


Brought forward • 


162 


12,212 12 


2 per cent, for reproducing the following : 






£. s. d. 






Trade fixtures, value 39,672 






Utensils . . . 12,945 






Mains in the stations 6,271 






Street mains . . 105,760 







£164,648 



2 per cent, on £164,648 . . . 3,292 



Total deduction for renewal and insurance • • 3,454 



Net rateable value of the whole property, the value 
being £278,998 . • . . . • £8,758 12 

It appears that the valuers for the parish during this appeal 
did not treat the production of the Phoenix Gas-Works as a 
whole, but confined their* estimates to the production of the 
Greenwich Station alone, whereas the company has also manu- 
facturing stations at Vauxhall and at Bankside. In conse- 
of this no comparison can be made between the net rateable 
values arrived at by the two parties, treating the works a* 
a whole. Mr. Penfold, however, in his work on Bating, has 
published a statement of net rateable value for the whole 
works, founded on the basis of the Company's own rental, and 
on arbitrary allowances, according to Mr. Barlow's statement 
of expenses for manufacturing gas. This statement is taken 
from an able Report made by Mr. Barlow in 1849 to the Direc- 
tors of the City of London Gas Company. In his Report, 
Mr. Barlow analyses with great minuteness the prospects of 
the Great Central Gas Consumers' Company. He investigates 
the cost of every item of gas manufacture under two distinct 
heads, production and distribution, making the total cost of 
production amount to 20* 64c?. per 1000 feet of gas made, and 
the expense of distribution equal to 13 51c?. per 1000. Mr. 
Penfold, considering Mr. Barlow as the especial advocate of 
the then existing companies, and interested in proving the 
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cost of gas-making to be as high as possible, considers such 
statements fair evidence as against any gas company on the 
question under discussion. 

Using the data before explained, Mr. Penfold makes the 
net rateable value of the whole of the Phoenix Com- 
pany's Gas-Works £18,31? 

And substituting Mr. Croll's cost of manufacturing gas, ■ 
as given in evidence before the Central Gas Committee, 
he makes the net rateable value of the whole . . 28,455 

Mr. Lee's valuation of the rateable value being • • 8,758 

We shall present one other case in which the author was 
himself engaged, and Mr. Lee valued for the gas company. 
This was the case of the British Gas Company and. the Parish 
of Ratcliff. Mr. Lee's valuation in this case was nearly on the 
same basis as in the Greenwich case, except that the estimates 
claimed only 1£ instead of 2 per cent, for the reproduction of 
the mains. The following is Mr. Lee's valuation : 

Cr. £. t. d. £. #. d. 

Total rental for gas light . . . 21,188 
Cash for coke and ammonia . • . 4,544 



Total receipts for 12 months 25,732 

Dr. £. 8. d. 

Coals, 12,3221 tons used 

(at 14*. 10i<f.) . . 9,153 
lime used for purifying. 267 
Working process wages . 5,092 
Wear and tear of retorts, 

&c. . . . . 2,020 
Meter repairs and 

fixing . £882 
Meter rent rec d . 400 

Loss . . 482 

Rates and taxes (last 

year, 1848) . . 650 
(Rates in 1849 are larger.) 

Carried forward . 17,664 
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£. *' d. 

Brought forward . 17,664 
Office expenses and clerks' 

salaries 742 

Directors' salaries . . 500 

Ordinary law expenses • 70 
Interest on borrowed 

capital . £1395 

Bad debts and overcharges 400 



Net balance for 12 months . 

Deductions to arrive at 

the gross estimated 

value 5 per cent, on 

the capital*tiecessarily 

employed by a tenant. 11,500 O 
Ditto on the* present 

value of metess (the 

cost being £5,640) . 3,640 
Ditto on the present 

value of retort* (cost 

£4,680) . . . 2,420 

Amount of tenant's 
capital . . 17,560 
5 per cent, on the above is . 
Amount pf tenant's profit, being 12$ per 
cent, on the above £17,560 capital . 



878 
2,195 



Amount of interest and tenant's profit for 12 months 
Gross estimated rental of the whole property . 

Statutable deductions. 
The rates and taxes are before deducted. 
Annual average repairs of buildings . 390 
Insurance on buildings . . . 106 



£• «. & 
25,732 0. 



Carried forward 



19,376 
6,356 



3,073 
3,283. 



496 3,283 



* TTie capital here assumed is considerably more than six months' 
expenses, and is nearly equal to six moivthV ^roaa receipts. 
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£. 9. d. 


£. *. d. 


496 


3,283 



Brought forward . • 

For renewal or reproducing trade fix- 
tures and utensils, their value being 
£16,847 (meters not included), at 
2 per cent 336 

For ditto ditto, the mains on the stations 
and the street mains, their value being 
£ 24,453, at 1£ per cent. ... 367 

Total of repairs, insurance, and renewal . . . 1,199 

Net rateable value of the whole property . . £ 2,084 

It being considered that this rateable value was too small, 
having regard to the magnitude and capacity of the works, the 
author was called in by the Parish at the suggestion of 
Mr. Penfold, who was one of the arbitrators, and after going 
through the works and minutely considering the Company's 
evidence to see what parts could be adopted as reasonable and 
fair, the result of his investigation was the following estimate : 

Net rateable Value of all the. Works and Mains. 

£. t. d. 
Gross revenue, as per statement A .... 24,172 17 3 

Production account : 
£. 8. d. 

Coal, as per evidence . 9,153 

Labour of distilling 
12,322 tons of coal, 
as per statement B . 2,261 5 

Wear and tear of retorts, 

as per statement C . 1,333 13 

Expense of lime for puri- 
fying 12,323 bushels, 
at 4 J. ... 205 8 



12,953 6 
Less residual products, 

as per statement D . 4,601 13 4 



8,351 12 8 



Carried forward .... 8,351 12 8 24,172 It ^ 

p3 
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£. s. d. £. t. d\ 

Brazil forward .... 8.351 12 8 24,172 17 3 

Cost of GMtribnlkm, as |» statement B 3,276 7 3 
Statutable allowances, at per state- 

meat F 1,219 18 

Arbitrary dfdnrtion for interest and 
tenant's profit, £10,000, at 15 per 

G. 1,500 



14^47 17 U 



9324 19 4 
Dednct rates and taxes, as per Company* statement 650 



Net rat4»bkTtd« of the whole property . £9,174 19 4 

A. 
E$timmte of Grom Revenue. 
12,322 J toos of coal carbonized per annum, each ton 



assumed to yield 9200 cubic feet of gas. 

Then 12£22* x 9200 «... 113,367,006 
i lor leakage 28^41.750 



Total Quantity to be sold . 85,025£56 



of 1264 public fights, each 
at 50 feet per night, Boating 
1264 x 50 x 365 = . . 23,068,000 
Deduct abo quantity used in 

Works, as per evidence . 1,000,000 24,068.000 



Prirate consumption 
Receipts far pmbhe fights, as 


• 


. a 

Company* 


60457.25 
at 6c 


- £. a. 

a | ia,»7 2 

~5,88S 15 


it 
• 
3 




^24,172 17 


3 
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B. 

Estimate of Expense for the Labour of manufacturing Gas 

from 12,323 tons of Coal 
« £• *• d. 

Salary of superintendent 200 

Foreman, at 36*. per week 93 12 

Two foremen of stokers, at 30*. per week each . . 156 

Twenty ordinary stokers, at 24*. each .... 1248 

Wheeling coal, 12,323 tons, at 3rf. 154 1 

Two purifying men, at 24*. each .. 124 16 

Valve man, at 28*. 72 16 

Storekeeper 8000 

Coke clerk 8000 

Gatekeeper 52 

£2261 5 

c. 

Wear and Tear of Retorts. 

In this estimate it is assumed that each retort will he worn 
out, and require to be taken down and re- set, after producing 
700,000 cube feet of gas. Hence the number of retorts 

required per annum will be ' ' =162 retorts, which 

are assumed to be of cast iron, weighing 16 cwt. each. 

£. 9. d. 

Hence 162 retorts, at £ 5 810 

Taking down 162 old retorts, breaking the connections, and 

renewing old materials, 162 at 4*. . . . . 32 8 

Bricklayers' wages for re-setting retorts, 162 at 12*. 6<L . 101 5 
Fire-clay and fire-bricks used in re-setting retorts and in 

repairing furnaces, 162 at 20* 162 

Making good connections to hydraulic main . . 26 

Bolts and cement for new connections, wear and tear of 

ash-pit pans, furnace-doors and bars, ears and cross-bars, 

barrows, scoops, shovels, brooms, &c, 162 at 10*. . . 81 

1,212 13 
Allowance for contingencies, defective retorts, &c, 10 per 

cent 121 

£1,333 13 
No deduction is here made for the sale of t\& ^\&t*Xks&&« 
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D. 

Residual Products. 
Total coal used . . . 12,322 tons. 

Making 12,322 chaldrons of coke. 

Used for carbonizing, £rd . 4,107 

Remaining for sale . . • 8,215 chaldrons. 

£. 8. d. 

8215 chaldrons, at 10*. 4,107 10 

100 tons of coal will yield 8 chaldrons of breeze, to be sold 
for brick-making, at 3#. per chaldron. 

Hence 12 '^ x8 - 985, at 3*. 147 15 

Each ton of coal will yield 10 gallons of gas tar. 

Hence 123,220 gallons, at Id. 513 8 4 

4,768 13 4 

Deductions : 

Filling 9200 chaldrons of coke and breeze, £. s. d. 

at 3d 115 

Labourers delivering tar and ammoniacal 

liquor 52 

167 

£4,601 13 4 

E. 

Expenses of Distribution. 

£. s. d. 
Lighting and repairing 1264 public lamps, at 20*. . . 1,264 
Collection and bad debts, at 3 per cent, on rental of 

£24,000 . 720 

Law expenses, stationery, and incidental expenses, 113,367 

at Id. 472 7 3 

Engineer, secretary, clerks, and inspectors . . . 820 

£3,276 7 3 
Engineer. . . . £200 

, Secretary ... 200 

Two Clerks ... 150 

Three Inspectors . . 270 



i 



&m 
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F. 

Statutable Allowances. 

£. 9. d. 

Insurance of buildings, and annual repairs of buildings and 
apparatus 50000 

Renewal or reproduction of trade fixtures, valued at £ 1 7,644, 
at 2 per cent * 352 18 

Renewal of mains, valued at £ 24,453, at 1} per cent * . 367 

£1,219 IS 

G. 

Estimate of Capital required by Tenant. 

£. i. d. 

Coal in stock, 2000 tons, at 15*. 1,500 

£. t. d. 
One year's consumption of coal . . - . 9,153 
One year's wages for manufacturing, as per 

statement B 2,261 5 

One year's wear and tear of retorts, as per 

statement C 1,333 13 

One year's expenses of distribution, as per 

statements 3,276 7 3 

One year's maintenance of works, repairs, 

insurance, &c 500 

16,524 5 3 
Deduct one year's receipts for sale of coke . 4,601 13 4 

£11,922 11 11 
The tenant would have to provide for half-a-year's payments, 

or 11251 5,361 10 

2 

Assumed value of retorts, as per evidence .... 2,420 

£9,881 10 

* These allowances were made because in former cases they had been 
decided at Quarter Sessions. The amounts being small, it was not thought 
advisable to complicate the case by contending for the principle of a 
sinking fund, which, as already explained, is the proper way to estimate 
costs of reproduction. 
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DIVISION OF THE NET RATEABLE VALUE BETWEEN THE 

SEVERAL PARISHES. 

We now come to the second branch of inquiry ; namely, the 
mode of apportioning the net rateable value, as determined for 
the whole gas-works, amongst the several parishes through 
which the mains extend. Here again we find quite as great 
a variety of opinion as on the other subject. Even the judg- 
ments delivered by the Court of Queen's Bench, the highest 
court of appeal to which rating cases have been carried, seem 
to have undergone some change year after year since the 
passing of the Parochial Assessment Act. It appears to be 
clearly decided, in the case of the Queen v. Cambridge Gas- 
Light Company, that the rateable value is not to be divided in 
proportion to the receipts for gas in each parish ; and Lord 
Denman, in his judgment in this case, quoted a parish through 
which the New River passed, and in which no profits accrued 
to the Company, yet the New River Works in this parish were 
rated, and properly so, at £ 300, because the apparatus in the 
parish contributed to the whole value to let, although no 
receipts within the parish itself were derived from the appa- 
ratus lying within it. So it will often happen in the case of 
gas -works that mains may pass through a parish without any 
service-pipes being affixed to them, without supplying any gas 
in the parish, and consequently not yielding any receipts. Bat 
the works are nevertheless to be rated in this parish because 
they carry gas which passes through them for the supplying 
of other parishes where the Company receives payment for its 
gas. Some of the judgments even seem to have inclined to the 
opinion, especially in the case of railways, that the total rate- 
able value should be divided in proportion to the mileage or 
length of line passing through each parish. This division, 
however, would usually be very unjust alike for railways, gas- 
works, and all similar undertakings. In each case the most 
ote and thinly inhabited. ^Nn&taa Nrould reap far more 
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than their share, while metropolitan parishes, and chiefly 
those nearest to the principal termini or principal sites of 
manufacture, would he injured in a proportionate degree. 
Other decisions, however, and those of a more recent date, 
have supported an opposite principle, — namely, that of dividing 
the net rateable value of the whole in proportion to the quan- 
tity of apparatus in each parish. Lord Denman, in his judg- 
ment in the case of the Queen v. the Cambridge Gas -Light 
Company, speaking of the division amongst the parishes, says, 
"we are aware of no rule which can be laid down as to the 
amount, except that it must be in proportion to the quantity 
of apparatus situate in each parish." 

In the next case of importance, namely, that of the Queen 
v. the South -Western Railway Company, a somewhat clearer 
principle was expressed ; and in . the case of railways it was 
decided that the division should be in proportion to the earn- 
ings in each parish, having first deducted from the net rate- 
able value of the whole the rateable value of the stations, 
which are separately rated in the parishes in which they are 
situated. Now in the case of a railway this mode of division 
is quite practicable, and no parish would be excluded from its 
just proportion of the whole assessment, even though no 
receipts are actually taken in it. Suppose a parish situate 
between two stations A and B, then the whole of the traffic 
passing from A to B and vice versd will pass through the 
parish. The parish accordingly will be entitled to its propor- 
tion of the receipts taken for traffic between A and B in 
proportion to its length, so that the case is amply provided 
for in which a parish has no station, and in which conse- 
quently no receipts are taken by the Company. 

The case is equally simple when the parish contains a 
station; the net rateable value here being a proportion accord- 
ing to mileage of the receipts between the station in the parish 
and that on each side of it, with the addition of a sum for the 
station itself. It would lead us too far out of our way and be 
altogether inapplicable in this work to go fuittat \s&a *£q& 
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mode of dealing with the railway stations and separatin g their 
rateable value from that of the railway proper ; and we must 
therefore confine onr attention more immediately' to' the case 
of gas-works. Here, however, the same general p r inc iple 
prevails for separating the works, — that is, -all the rateable 
apparatus at the head-quarters or mamifacturing establish- 
ment from the pipes or mains -extending through the streets. 
No satisfactory or even practicable mode of doing this has 
ever been suggested, except that arising from the cost or value 
of the work* as compared with that of the whole property, 
works and mains together. We shall suppose .the net -rate- 
able value of the whole to have been armed -at, and, m order 
to find the separate part of this chargeable to the work* -and 
to the mains, we must have an estimate of the present value 
of the works and of the mains separately. Then we have this 
proportion: 

As the present value of the works and mains together is to 
the net rateable value of the whole, so is the present- value of 
the works to the net rateable value of the works. In the 
same way the net rateable value of the mains is found by 
substituting the present value of the mains for that f>f the 
works in the third and fourth terms of this proportion. 

The principal station or manufacturing site of a gas esta- 
blishment is commonly at least equal in value to that of 
the mains, so that in this simple mode we get rid of half the 
rateable value by apportioning it to that parish in whkh 
the manufacturing station is situate. If there be -more than 
one station the division is equally simple, -each station -being 
debited with its proportionate rateable value according to 
its present worth, as compared with the worth of the whole 
property. 

We have yet a further sum, however, to divide amongst the 
mains, and perhaps this division has given rise to more conten- 
tion than any other question connected with the rating of gas- 
works. In the case of the Phoenix Company and the Parish 
Greenwich, the Court of Cfcusxtet %casnous decided that the 



BETWEEN THE SEVERAL PARISHES. 349 

division was to be made in proportion to the square yards of 
ground occupied by the mains in each parish. Now, with 
great submission to the learned Bench of Magistrates, this 
decision was simply absurd, because the square yards of 
ground occupied are neither a measure of the. quantity of 
apparatus, nor a measure of the earnings, nor a measure of the 
capacity of the mains. This mode of distributing the rateable 
value has the effect of giving an enormous advantage to the re- 
mote parishes, and in a proportionate degree injuring those 
which are nearest to the fountain-head, and which first dis- 
tribute the gas before it begins to be taken out of the mains. 

Another principle of division which has been adopted is also 
fallacious, but not to the same extent, namely, that of dividing 
the rateable value according to the cubic yards of main in 
each parish. This principle makes a perfectly correct division 
according to the quantity of apparatus, but not according 
to earnings, which by the latest decision is clearly intended to 
be the basis of the subdivision. The error is of the same 
nature as the one allowed by the Quarter Sessions in the Phoe- 
nix case, namely, one of excess for the remote parishes, at the 
expense of those near the centre of distribution. The prin- 
ciple, in fact, of dividing according to cubical capacity of the % 
mains is only correct on the supposition that a main of a given 
area will deliver the same quantity of gas at all distances from 
the gas-holder, which we know is very far from being the fact. 
Every one knows that a 12-inch main within 100 yards, of the 
gas-holder will pass a great deal more gas than the same main 
at the distance of a mile. The principle in question would also 
require this theoretical condition, namely, that the mains at 
the extremities of the Company's district should be attenu- 
ated to such dimensions as just to deliver the gas required for 
present consumption with the requisite pressure ; but this 
is notoriously not so, for with a view to extensions the mains 
are purposely not so much contracted as they otherwise might 
be. . The effect of all this is, that this mode of subdivision 
does not give to the mains their proportionate n*Jl\*& *s» \hs\&.^ 

Q. 
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the apparatus in the arterial parishes, and gives too much 
value to those at a distance. It divides the rateable value in 
proportion to quantity of apparatus, not with reference to 
earnings, nor with reference to capacity for earning or contri- 
buting to the whole earnings of the concern. 

I am now bound to explain the mode in which I propose to 
subdivide the rateable value amongst the mains, for which 
purpose I must have the cubical contents of all the mains, the 
cubical contents in the particular parish, the quantity of gas 
supplied in that parish, and the annual receipts for that gas. 
Then I should calculate the size of main which would be 
required simply for the delivery of the quantity of gas 
consumed in the parish, and consider the extra size of the 
main, entitled to a further allowance for contributing to the 
earnings of the parishes lying beyond. Thus, I would say, 

As the whole receipts are to the rateable value of the whole, 
so are the receipts in the parish to the rateable value of 
the mains, in respect of receipts within the parish. 

Then, to find the additional rating for the part contributed 
by the mains towards the receipts in other parishes, I would 
say — 

As the cubical content of all the mains is to the extra 
cubical contents of main in the parish beyond what would be 
necessary for the supply of the parish, so is the rateable value 
of all the mains to the extra rateable value of mains in the 
parish. The fourth terms in each of these proportions being 
added together would give, as I conceive, the whole rateable 
value of the mains in any parish. 

I am afraid of extending this subject of rating to too great 
a length, as it might be wearisome to many of my readers. 
At the same time, the subject possesses much interest for 
gas companies, who would in many cases fare better if they 
did not attempt to shroud this affair in such impenetrable 
mystery. This air of mystery is often apt to occasion a 
suspicion of far greater profit than that really derived. In 
all audi cases fair play to tt& pjrisheaus to be insisted on; 
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let each have its proper share, and let each have such means 
of information as will enable its officers to make assessments 
on a sound basis. 

It has not occurred to me now for the first time, considering 
the many complicated interests which have to be assessed in 
these days of progressive improvement, that it would be 
desirable if some public officer were appointed to make an 
assessment every year of the property in gasworks, canal*, 
railways, &c, rateable to the relief of the poor. Such an 
assessment would require to be varied every year, but the 
principle of division once settled would be permanent. A vast 
amount of litigation would be thus saved, and in the end 
all parties would find it much more satisfactory than the 
present blindfold system. 
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-, process for separating it tried at the Western Gas -Works, 192. 



Ammoniacal liquor, its value for agricultural purposes, 30. 

, Prussian blue made from, 33. » 

, price of, 145. 

Annual assessment of railways, canals, gas-works, &c, proposed, 351. 
Arbitrary allowances in rating gas-works, 333. 

for reproduction, 336. 

— — made by Mr. Lee in rating cases, 337. 

Archimedean screw-pump, 153. 

Atmospheric Railway, method of jointing the pipes of the, 256. 

Author, valuation by him in a rating case, 341. 

Bachhoffner's polytechnic fire, 308. 

Balcarres Wigan coal, experiments on, 314, 316. 

Barlow, Mr., estimates of wear and tear by, 86. 

, on the durability of retorts, 124. 

— — , lime required for purification according to, 179. 

Barlow's Report to the City of London Gas Company, 121. 

estimate for the erection of retorts, 122. 

dimensions and estimate for a large retort-house, 131. 

estimate for eondensers, 146. 

estimates of cost of purification, 174. 

Beche, Sir Henry de la, his experiments on coal, 35. 

Birmingham, cost of purification in, 1 73. 

Bitumen, springs of, described by Herodotus, 4. 

, proposals to make gas from this and other materials, 17. 

Bituminous strata, 4. 

coal, gas arising from beds of, in China, 5. 

Black coal, 34. 
Boghead cannel, experiments on it m t\vfc tytaMutafe. ^?ra«i*, ^\3. ( 
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Boghead cannel, Mr. Clegg's experiments on, 320. 

, Mr. Clegg's estimate of expense of making gas from, 322. 

Bow Common, Mr. Croll's mode of setting retorts at, 100. 

, specification for condenser at, 14d. 

, specification for purifiers at, 180, 183. 

Brande, on leakage of gas-pipes, opinion of Professor, 260. 

Brande & Cooper, (Messrs.) their experiments on hydrocarbon gas at the ' 

Royal Mint, 318. 
Breeze condenser, 42. 
Brick retorts, ClifVs, 90. 

, estimates for erecting and repairing 20 benches of, 93. 

Brick tanks at Central Gas Consumers' Works, 199. 
Brick-work of tanks, 200. 

, description of, for tanks, 201. 

in tanks, specification for, 203, 204. 

British Gas Company and the parish of Ratchff, 339. 
Bromine test, on the, 294. 

, mode of operating with, and amount of condensation, 295. 

Brunton's patent retort, description of, 55. 

, working of them at West Bromwich, 57. 

Bunsen photometer, 297. 

, engravings of the, 298, 299. 

, method of preparing the disk in the, 300. 
Burning spring, near Wigan, 6. 

Caking .coal, 34. 

Candles, production of gas during the burning of, 22. 

required to give light equal to the. gas from a ton of coal with or 

without water gas, 321. 
Cannel coal, the hydrocarbon process applied to, 308. 
Caoutchouc, effect of naphtha on, 258. 
Carbonic acid, chemical composition of, and Dr. Henry's experiments on, 

29. 

gas produced in the distillation of coal, 38. 

— — , when experimenting on gas, method of removing, 295. 

Carbonic oxide, description and mode of preparing, 28. 

Carbonization of coal, how performed, 41. 

Carburetted hydrogen, its chemical equivalent and composition, 27. 

Cement used for clay retorts, cement used in the Works of the Imperial 

Continental Gas Company, 83. 

jointing the mouth-piece to the retort, 52. 

Central Gas Consumers' Company, their condensers, their contract with 

Messrs. Rigby, 146. . 
, description of purifiers proposed .for 

them, 179. 

brick tanks of the, 199. 



Works, retorts used there, 45. 

, specification of retorts used at, 54. 

-, clayifetorts used at, 95. 



Charge, method of drawing the, 109/ 

, method, in small works, of drawing and renewing the, 111. 

Charges for retorts, 46, 107. 
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Charging iron retorts, mode of, 47. 

, method o£ m smaH works ; me of the scoop — general description 
of the process, 108. 

-, particular description of the process, 110. 



Chartered Company's Works, exhauster at, 155. 

, Laming** process used at the, 191. 

Cheltenham, Spinney's retorts at, 88. 
' and Chester, cost of purifying gas in, 173. 

Chemistry of gas-lighting, 21. 
Cherry coal, cannel coal, 35. 
Chimneys of retort-houses, price of building, 131. 
Chloride of lime as a desiccating material, 287. 
Chlorine, condensation of gas by, 294. 
Church & Minn's photometer, 302. 

Clarke & Co.'s mills, manufacture of hydrocarbon gas at, 309. 
Clay retorts first proposed by Mr. Grafton, 78. 

at the Phoenix and City of London Gas-Works, and in Scot- 
land, 79. 

, gas produced from them, and cost of setting them, 80. 

, their durability, engraving of, mouth-piece of, 81. 

-, engraving showing how separate lengths of them are pas to- 



gether, 82. 

, cement used for jointing them, 83. 
, their alleged porosity, 85. 

-, results of their employment in Scotch gas-works, 86. 



- , successful employment of them at the South Metropolitan 
Works, 87. 

«sedbyMr.Croll,94. 



Clay and iron retorts compared, 83. 

, benches of them erected by Mr. Pontifex, 98L 

at Bow Common, description of setting, 100. 

Clayton, Dr., experiments of, on distillation of coal, 8. 
Clegg, Mr., subject of gas-lighting taken up by, 13. 

, description of the revolving web retort by, 62. 

. , estimates of wear and tear by, 86. ' 

, estimates of retorts by; comparison with Mr. Barlow's esti- 
mate, 121. 

, his estimate for erecting 50 benches of retorts, 123. 

, his dimensions for retort-houses, 126. 

, his arrangement of hydraulic main and coal-stores, 127. 

, examples and estimates of retort-houses by, 128. 

, arrangement of dry-lime purifiers by,. 172. 

, his estimate of the quantity of lime required for purification, 



179. 

, his remarks on testing the purity of gas, 188. 

his remarks on the use of a wooden curb for gas-holders ; his 



examples and estimates of cost for gas-holders, 214. 

, form of pressure-gauge recommended by him, 239. 

, his recommendation relative to laying mains, 259. 

> his experiments on the flow of gas through mains, 268* 

his experiments, and Tables of the flow of gas, 269. 



— > Table of his experiment, 2U. 
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Clegg, Mr., his experiments on the flow of gas give results varying from 
other experiments, 275. 

— , his investigation into the hydrocarbon process, 319. 

, his experiments on hydrocarbon gas, 320. 

, his examination of illuminating power of hydrocarbon gas, 321. 

, advantages claimed by him for the hydrocarbon process, 321. 
, detailed estimates of the cost of making gas by the hydrocarbon 
process, 322, 323. 
Cliffs brick retorts, 90. 

, quantity of gas made in them, 92. 

, estimate for erecting and repairing 20 benches of, 93. 

Coals used for gas-making, composition of, 34. 

— for gas-making purposes, proposed mode of expressing the value of, 

303. 
— — , Table showing volume and weight of gas derived from, 304. 
Coke drawn from the retorts, disposal of the, 110. 
— , use of red-hot, for recharging, 111. 
Composition of gases, 22. 
Concrete and puddle for core of tank, 205. 
Condensation in the mains, loss of gas from, 262. 
Condenser, various kinds in use ; Malam's condenser, 138. 
— — , the vertical ; description of engravings showing a vertical, 139. 
, longitudinal section and cross section of; description of con- 
denser at Imperial Gas -Works, 140. 

at the Western Gas -Works ; radiation of heat from condensers 



placed in air and in water, 141. 

, method of drawing. off products of condensation from the, 142. 
-, engraving and descriptions of tanks used to receive condensed 



products from the, 143. 

— — , Croll's estimate for ; Mr. Barlow's estimate, 146. 

— ' at Bow Common, specification for vortical, 147. 

at Bow Common, specification for horizontal, 149. 

•, quantities of iron contained in, cost of, 152. 



Contour lines of levels on maps, 254. 

Core sometimes left in the centre of gas-holder tanks, 202. 

Cotton-mills and factories, gas applied to lighting them by Mr. Murdoch, 

11. 

in Lancashire lighted by Mr. Clegg, 15. 

Counterbalance for gas-holder, 197. 

, method of determining the weight of, 210. 
Counterbalancing chain for governors, 231, 232. 
Cowley & Co., the wrought-iron main made by them for the Phoenix 

Company, 116. 
Croll, Mr,, his patent process of purification, 43. 

, his furnaces, 73. 

, his fire-bars and construction of furnace, 74. 

, clay retorts used by him, 94. 

: — , setting of retorts adopted by him at Winchester and other 

places, 95. 

, engravings of his mode of setting retorts at Winchester, 96, 97. 

, his mode of setting clay and iron retorts at Bow Common, 100. 

, elevation showing retorts set by him at B<wi Cwsssms^^NKV- 
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Croll, Mr., cross section of retorts set by him at Bow Common, 102. 

, comparison between his mode of setting and that commonly in 
use, 103. 

-, longitudinal section through one of his ovens at Bow Common/ 



104. 

-, his principle that clay and iron retorts require different inten- 



sities of heat, 106. 

, his estimate for erecting retorts, 122. 

, his estimate of the durability of retorts, 124. 

, his estimate for a retort-house, 132. 

— — , his estimate for condensers, 146. 

, his process for separating ammonia, 156. 

, his process of purifying, some advantages in, 158. 

, his process, materials used in, descriptions of the vessels, 159. 

-, his process, — plans, section, and description of the apparatus 



used in, 160, 161. 

, his opinion as to dry-lime purifiers, 162. 

-, his process used by the Imperial Gas Company ; his remarks 



on the fertilizing value of refuse lime, 163. 

, his estimates of the cost of purification by lime, 174. 

, his works, stand-pipe well at, 203. 

, his gas-holders, 215. 

, his estimate of leakage in mains, 260. 

-, his calculation for loss of pressure, 278. 



Croll & Glover's dry meter, 244. 

Ctesias, writings of, 4. 

Cyanogen and Cyanates, their composition and mode of formation, process 

used in France for obtaining, 33. 
Cylindrical retorts placed diagonally in the furnace by Mr. Murdoch, 44. 

Daniell, Professor, attempts by him to make gas from resin, 19. 

Darcet's process for separating ammonia, 157. 

Decomposition, gas produced by, 1. . 

Defries' dry meter, 244. 

Denman, (Lord,) judgment in the case of the Queen v. Cambridge Gas- 
Light Company, 347. 

Depreciation fund, 335. 

Descending pipe to carry off the tar, 120. 

D'Hurcourt, on the loss of pressure in gas passing through mains, 277, 278. 

Dip-pipe, description of, 114. 

, dimensions of, 119. 

Dip -pi pes, mode of attaching them to the hydraulic main, 120. 

Distillation of coal, Dr. Clayton's experiments on, 8. 

, Dr. Hales' experiments on, 6. 

, classification of gaseous products derived from the, 24. 

, injurious products derived from the, 29. 

■ , Dr. Henry's experiments on the, 36. 

Division of rateable value amongst the parishes in rating cases, 346. 

, decisions of Lord Denman, and considerations on the proper 

mode of, 347. 

• of rateable value between the works and the mains, 348. 



Ik 



— amongst the mains, 349. 
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Division amongst the mains, proposed mode of, 350. 
Drying gas, mode of, 286. 
Dry-lime purifiers, 42. 
Durability of retorts, 57. 

Ears, e&r-boxes, and other parts connected with the mouth-piece, 54. 

Ecbatana, fountain of naphtha in, 5. 

Engineers of the earliest companies formed for gas-lighting, 16. 

Equilibration, chain of, 209. 

Equilibrium cylinder, 258. 

Estimated quantities of brick-work and stone in tank of gas-holder, 206. 

Estimates for erecting and renewing retorts, 92, 93. 

by Mr. Clegg for erecting retorts, 121. 

by Mr. Barlow for ditto, comparison with Mr. Clegg's prices, 

Mr. Croll's estimates, 122. 

by Mr. Clegg for erecting 50 benches of retorts, 123. 

of the duration of retorts, 124. 

— by Mr. Clegg for erecting retort-houses, 128. 

by Mr. Barlow for large retort-house, 131. 

by Mr. Croll for a retort-house, 132. 

of condensers by Mr. Croll and Mr. Barlow, 146. 

of cost for gas -holders by Mr. Clegg, 214. 

in detail for Mr. Croll's gas-holders, 227. 

of allowance for reproduction in rating cases, 336. 

of rateable value by Mr. Lee, 337. 

— - by valuers for the parish of Greenwich, 338. 

■ for the parish in the case of the British Gas Company, 339, 340. 

in detail of gross revenue, labour of manufacturing, wear and 



tear of retorts, &c, 343. 

Exeter, Spinney's brick retorts used at, 88. 

Exhauster, employment of an, 43. 

, Mr. Grafton's experiments on, 152. 

, position of, unnecessary in certain cases, 154. 

at the Chartered Company's Works, 155. 

Experiments on the flow of gas, 266. 

, by Mr. Clegg, 268. 

, by M. Girard, 270. 

, by Mr. Clegg, great variation with expe- 
riments of others, 275: 

on hydrocarbon gas, by Dr. Frankland, 310. 

— on specific gravity of the hydrocarbon gas, by Dr. Frankland, 



312. 



314. 



on hydrocarbon gas made from cannel coal and water, 313, 

on hydrocarbon gas, by Messrs. Brande and Cooper, 318. 
on hydrocarbon gas, by Mr. Clegg, 320. 



Faraday's ' Chemical Manipulation/ Table extracted from, 285. 
Fertilizing power of sulphate of ammonia, 164. 
Fire-bars and grate, dimensions of, 66. 

Fire-grates and furnaces, dimensions of them as recommended by Mr. 
Peckston, 69. 

Q5 



Fire-tilet, use of, 107. 

Fitter, gas, business of the, 20. 

Flames, burning, venerated by the ancient world, 2. 

Flow of gas through pipes and orifices, 263. 

i according to the specific gravity, 264. 

— — — — ^— site of opening, 265. 

, Table of experiments on the, 266. 

, comparison of theory and experiment, 267. 

, Mr. Clegg's experiments, 268. 

, experiments by M. Girard, 270. 

, experiments quoted by Mr. Pole, 272. 

, Table in the * Journal of Gas-Lighting/ 276. 

through mains not laid horizontally, 277. 



Usee, arrangement of them m setting retorts, 67. 

for heating ClifYs brick retorts, 91. 

Francis, his patent tor preventing accidents to gas-holders, 229. 
Frankland, Dr., his experiments on hydrocarbon gas, 310. 

, his opinion with l e ftienos to the mixture of hydr o gen , 



experiments on illuminating power, «\c^ 311. 
>, his experiments on 



cannel coals, 313. 

, on the different remits 



applied t*> resin and t*> 
> his remits 



31eV 



Conner, 319. 
French gta^worcSk 
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Gas-holders, early forms, modern size of, 194. 

, description of modern, description of one at the Philadelphia 
Works, 195. 

, engraving of single-lift, 196. 

, tanks of, 198. 

— , early method of counterbalancing the weight of, 197. 

1 , description of iron and brick tanks for, 199. 

, vertical bars to guide the, 202. 

-, supports for the roof of, 203. 



Gasometers, vessels used for holding gas originally called, 193. 

Gillard's water and platinum gas, 328. 

Girard's experiments on the flow of gas, 270. 

Glance coal, or anthracite, 34. 

Gordon, David, his patent for compressing gas, 18, 

Governor, its invention and advantages, 198. 

, remarks on the, cases in which they are necessary, 229. 

, description of the various parts of the, 230. 

, valves and counterbalancing chain of the, 231. 

, at the Philadelphia Works, 232. 

, piston of the, 233. 
Grafton, Mr., clay retorts proposed by, 78. 

, experiments by, on the subject of pressure, 152. 

Graham, Professor, proposals of, 32. 

, proposal by, to add sulphate of soda to the lime used 

for purification, 193. 

-, on the leakage of gas mains, 260. 



Greek fire-altars, 3. 



Hales' experiments on the distillation of coal, 6. 
Henry, Dr., subject of gas-lighting taken up by, 13. 
, his experiments on defiant gas, 25. 

, his experiments on carbonic acid, 29. 

1 > his experiments on the distillation of coals, and on the gas 
which passes off at different periods, 36, 37. 

-, his observations on the production of otefiant gas, 39. 



Hills' process for purifying, 192. 

Hydraulic main, wrought-iron main by Cowley & Son, 115. 

' , section and elevation of, 116. 

-, cost of, usual forms of, 117. 



-, fluid contained in, remarks on, 118. 

-, at the Great Central Gas Consumers' Works, 119. 

-, mode of attaching dip-pipes to the, mode of fixing exit- 



pipe and descending-pipe to carry off the tar, 120. 
■■ ■ valve, description of the, 234. 

-, engravings of two kinds of, 235. 



Hydrocarbon gas, mode of manufacturing the, 310. 

■ ■ , experiments on. its illuminating power, and specific 

gravity, 312. 
■ produced from cannel coal and water, 313. 

■ from Wigan and other cannel coals, experiments on, 



313. 

' process applied to resin, 318. 
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Hydrocarbon process, Dr. Frankland's experiments on, 310. 

, experiments by Messrs. Brande & Cooper, 318. 

— , advocates of the, 319. 

, Mr. Clegg'8 experiments on, 320. 

, Mr. Clegg's observations on, 323. 

, engravings of retorts used in the, 324, 325. 

Hydrogen gas, method of making ; description and specific gravity of, 26.- 

produced by the decomposition of water; patents for 

combining hydrogen gas with carburetted gases, 308. 
, liquid carburets of, 25. 



Imperial Continental Gas Company, cement employed in their works, 83. 
■ Gas-Works, condenser used at the, 140. 

, Croirs process of purifying used at the, 163. 

1 Hills' process practised at, 192. 

India-rubber rings for joints of gas-pipes, 257. 
Indicator, 239. 

, recording pressure, various contrivances for, 240. 

, elevation of pressure, use of the records, 241. 
Inflammable gas known at a very early period, 1. 

issuing from the earth, modern examples of, 6. 

from a coal-mine, Sir James Lowther's account of, 7. 

Iron retorts, various kinds and dimensions of, 45. 

• at the Central Gas Consumers' Works, 54. 

, mode of setting, 65. 

, comparison of clay and, 83. 

, estimate for erecting and renewing 20 benches of, 92. 

cement, recipes for making, 53. 

tanks for gas-holders, iron aqueducts, 199. 

work in gas-holders, 227. 

Kensall Green, description of retort-house lately erected there, 130. 

Laming, his process of purification, 189. 

, materials used by him; action of the gas on his materials, 190. 

, his process intended to separate all the impurities of coal gas, 

used at the Chartered Works and elsewhere, 191. 
Lamps and candles, production of gas during the burning of, 22. 
Leakage in the joints of clay retorts, 83. 
— — of mains, 259. 

•, Mr. CrolTs estimate of, 260. 

■• — , remarks on, 261. 

Lee, Mr., estimate of rateable value for Phoenix Gas-Works by, 337. - 

, his valuation "of rateable value in detail, 339. 

Lesmahago cannel used in the hydrocarbon process, experiments on, 313, 

.316,320. 
Lids for mouth-pieces of various kinds, 50. 

, engraving of, and methods of securing them, 51. 

Lime from gas-works used for agricultural purposes ; sulphur sometime* 
obtained from spent, 174. * 

-, quantity of, used for purification at the Phoenix Works ; lime best 



adapted for purification ; varieties oi YLmt, 186. 
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Lime required for purification, as estimated by Mr. Barlow and Mr. Clegg, 
179. 

Limestones, classification of, 187. 

Liverpool, wrought-iron retorts used in, 94. 

, method of jointing pipes at, 257. 

London, cost of purification in, 173. 

Lowe, Mr., his reciprocating retorts, 59. 

1 sketch showing method of working, 60.' 

, his contrivance for stopping the passage of gas in mains with- 
out the use of a valve, 238. 

Lowther, Sir James, account by him of inflammable gas from a coal-mine 
near Whitehaven, 7. 

Luting the retort-lids, composition for, 110. 

Mains, on laying gas, 255. 

, method of proving, method of making joints of, 256. 

, method of making the joints used in Liverpool, Manchester, and in 

America, 257. 

, use of vulcanized India-rubber rings for the joints of, 257. 

, flow of gas through, 268. (See Flow of Gas.) 

, division of rateable value amongst the, 349. 

-, proposed mode of dividing the rateable value amongst the, 350. 



Malam, Mr., inventions of, 138. 

', his improvements in purifiers, 168. 

Mallet's proposals for purification, 193. 

Manchester, method of jointing gas-pipes at, 257. 

Map of gas-works and district to be supplied very essential, should con- 
tain the levels, 254. 

would effect great saving of expense by preventing and correcting 

blunders, 255. 

Mastic d'Aquin or iron cement used by the French, 53. 

Meter, early history of the, 242. 

, description of dry ; different kinds of, 243. 

, Defries' dry ; Croll and Glover's dry, 244. 

, other kinds of dry, ordinary consumers' meter, the wet meter, 245. 

, engravings of the wet, 246. 

, description of the various parts in the wet, 247. 

-, its action described, the meter-wheel, 248. 



-, protection against fraud ; consumers' meters, 249. 
-, description of the station, dial face of station, 250. 
-, (station,) engraving of one at the Western Gas -Works, 251. 



Methyl cannel coal, experiments with it in the hydrocarbon process, 313. 

, illuminating power of gas from, 315, 317. 

Metropolis, progress of gas-lighting in the, 17. 
Moisture, correction for, 284. 

, examples of correction for, 286. 

Mouth-pieces for retorts, engravings of, 48. 

, engravings and description of the lids used for circular and 

elliptical, 50. 

, cement used for jointing the, 52. 

of Brunton's retort, 56. 

of clay retorts, 81. 
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Month-pieces and mode of attachment, engraving of, 82. 
Murdoch's experiments and application of coal gas to useful purposes, 11. 
' experiments described in the ' Philosophical Transactions/ 12. 

— — comparison of the comparative cost of lighting by gas and by 

candles, 12. 
■ experiments on the best form of retort, 44. 



Newport, Spinney's retorts used at, 89. 

Nitrogen evolved in the distillation of coal, 39. 

Northern, of Leeds, and others, engage in experiments on gas-lighting 13. 

Oil, proposals to make gas from it and other materials, 17. 

, comparison of coal gas with that made from, 18. 

defiant gas, Dr. Henry's experiments on, 24, 25. 

— — , Dr. Henry's observations on the production of, 39. 

Origin of the word gas, 23. 
Ornamental illumination, 17. 
Ovens, arrangement of retorts in, 47. 

, retorts set in, 67. 

, with five retorts set in each, 68. 
Oxygen consumed during the combustion of gas, 38. 

Parishes, claims made on their behalf in rating cases, 334. 

Parochial Assessment Act, 330. 

Peckston's remarks on the subject of setting retorts, and dimensions of 

fire-bars and grate, 69. 
Pemberton and others engage in experiments on gas-lighting, 13. 
Penfold, Mr., his estimate of rateable value for Phoenix Gas -Works, 338. 
Penot, M., his proposals with reference to purifying gas, 32. 
Perpetual fires noticed in the works of Strabo and others, 3. 
Philadelphia, method of jointing gas-pipes in, 257. 
Philadelphia Gas -Works, retorts used at, 47. 

, furnace used at, 70. 
■ , elevation and section of a bench of three retorts 
at, 71. 

, plan of furnace at, 75. 
, description and engraving of gas-holder at, 195, 



196. 
Phoenix Gas -Works, clay retorts at, 79. 

, wrought-iron main at, 115. 
, Mr. Penfold's estimate of rateable value for, 338. 
Photometer test, value of the, 296. 

, by Professor Bunsen, 297. 

, engravings of the Bunsen, 298, 299. 

■■ -, description of engravings, and method of preparing the 
transparent ring of the disk, 300. 
-, by Church & Mann, 302. 



Pipes, their connection with the mouth-piece ; description of stand and 

aip pipe ; pipes used at Philadelphia Works, 114. 
Piston for the governor, forms of, 233. 
Playfair, Dr. Lyon, his experiments on coal, 35. 
i's notices of perpetual fires, 3. 

iption of the burning toxutaan. \n Ifobatana, 5. 
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Pole, Mr., on the flow of gas, experiments quoted by, 272. 

, remarks on his Paper, 276. 

Pontifex, his mode of setting clay and iron retorts at Winchester, 98. 
Portable gas and gas-tubes first used by Mr. Murdoch, 10. 

vessels, Gordon's patent for compressing gas into, 18. 

Pressure of the gas-holder, methods of regulating the, 197. 

— — — — much neglected at country works, consequences of tfois, 198. 

of gas-holders, method of calculating, 210. 

, remarks on regulation of, 211. 

• , variations of, during different hours of day and night, 242. 

■ with which gas should flow out of the holders, 258. 

of considerable amount necessary in some works, 263. 

, formula showing the quantity of gas delivered at different rates 

of, 264. 

, corrections for barometric, 283. 

, easily calculated by Mr. Wright's 



Table, 293. 
Pressure-gauge, apparatus for recording pressure, 238. 

, description of, form recommended by Mr. Clegg, 239. 

Pressure-indicators, 239. 

, methods of causing them to record the pressure, 240. 

■ , elevation of, 241. 

Prices at present charged for gas, 19. 

Prinsep, his method of determining high temperatures, 113. 

Profits, argument as to rating on, 331. 

of large joint-stock companies, mode of arriving at, 332. 

Prussian blue manufactured in France from ammoniacal liquor, 33. 
Purification by means of lime in separate purifiers first adopted, 15. 

« , Croll's patent process of, 43. 

— , gradual improvements in ; division of process ; notice of the 

apparatus used for, 133. 

, Mr. Croll's method of; superiority of dry lime for, 158. 

by Mr. Croll's process, materials and vessels used for, 159. 

-, plan, section, and description of the vessels used for, in Croll's 



process, 160, 161. 

, saving of expense by using dry lime for, 163. 

in London and other cities, cost of, 173. 

, expense of, by Mr. Croll and Mr. Barlow, 174. 

by wet lime, 175. 

-, quantities of lime required for, as estimated by Mr. Barlow 



and Mr.' Clegg, 179. 

, Laming' a process of, 189. 

-, methods proposed by Professor Graham, M. Penot, and M. 



Mallet, 193. 

in the hydrocarbon process, Mr. Clegg's remarks on, 321. 



Purifiers, Mr. Croll's opinion as to dry-lime, 162. 

, wet-lime, 164. 

, dry-lime, construction of, &c., 165. 

. , quantity of lime required for charging the purifiers used in the 

French Works, 166. 

, section of a small dry-lime, and description of the same, 167. 

, Malam's improvements in, 168. 
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Purifiers, plan of, showing hydraulic case and inlet and outlet pipes, 169. 
— -, mode of working the, 171. 

, Clegg's arrangement of dry-lime, 172. 

— -, method of working, and charging them with lime, 173. 

, method of determining the size required, 175. 

in large works, wet-lime ; ordinary wet-lime purifiers, 176. 

, section of, and description of the engraving, 177. 

, mode of working ; quantity of lime required, 178. 

— — for Central Gas Consumers' Company, 179. 

, quantity of gas which can he purified in four wet-lime purifiers 



and two dry ditto, 180. 

at Bow Common, specification of wet-lime, 180. 

, specification of dry-lime, 183. 

, quantities of iron in, 185, 186. 

-, lime required for, 186. 



Purifying process, order in which the various parts succeed each other, 42. 
Pyrometer, objections to Wedgewood's ; Daniell's pyrometer, 112. 

Rackhouse first proposed to set retorts in ovens, 76. 

Radiation of heat from surfaces in air and in water, Table showing quan- 
tity of heat lost by, 141. 

Railway laid into the retort-house at Bow Common, 111. 

Ramsay's Newcastle cannel, experiments on, 314, 316. 

Rateable value, Mr. Lee's estimate, 337. 

, estimate by Mr. Penfold, 338. 

, estimate by the Author, 341. 

Rating of gas-works, general principles, 328. 

, objections to present mode, 329. 

, law of, as laid down in the Parochial Assessment 
Act, 330. 

Receivers in gas mains, 255. 

Repairs and restorations, allowance for, in rating cases, 334. 

Resin and other materials, proposals to make gas from, 17. 
, Professor Daniell's attempts to make gas from, 19. 

Retort-house, usual form of; dimensions of, 126. 

, thickness of walls in; allowance for retorts undergoing 

repair, 127. 

. , cost of erecting, examples and estimates by Mr. Clegg, 128. 

, form of, proposed by M. D'Hurcourt; form of, lately 



erected at Kensall Green, 130. 

estimates for, by Mr. Croll and Mr. Barlow, 131, 132. 



Retorts, Murdoch's experiments on the form of, 13. 

— * and mode of setting, great improvements in, 19. 

■ used in gas-making ; name, how derived ; Murdoch's experiments 
on the best form of, 44. 

■ made of iron, used by Mr. Croll ; various shapes of, 45. 
, usual charge for, 46. 

, dimensions of circular and other shaped, 47. 

at the Central Gas Consumers' Works, specification of, 54. 

, Brunton'8 patent, description and dimensions, 55. 

-, durability of, 57. 



-, Lowe's reciprocating, 5$. 
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Retorts, revolving web, 61. 
, mode of setting iron, 65. 

set in ovens, 67. 

, Peckston's remarks on setting, 69. 

at Philadelphia, mode of setting, 74. 

set back to back, 76. 

made of fire-clay, first proposed by Mr. Grafton, 78. 

of clay at Phoenix and City of London Gas -Works, 79. 

— of clay in Scotland, 79. 

, mode of setting them in Scotland, 80. 

, durability of, mouth-pieces, &c, 81. 

• , cement used for jointing clay, 83. 

, consumption of fiiel for heating, 84. 

, comparison of clay and iron, 83. 

, alleged porosity of clay, 85. 

, experiments on the leakage of, 85. 

, comparative wear and tear of, 86. 

, description and dimensions of Spinney's, 87. 

, comparison of Spinney's brick retorts with the ordinary kinds, 89. 

, Cliffs brick, 90. 

, quantity of gas produced in, 92. 

, estimates for erecting and renewing, 93. 



of wrought iron, 93. 

-, used in Liverpool and in America, 94. 



of clay, dimensions of those used by Mr. Croll, 94. 
-, mode of setting, 95. 



erected at Winchester by Mr. Pontifex, 98. 

-, engravings of ditto, 99. 



at Bow Common, description of, 100. 

of clay and iron, elevation of those erected by Mr. Croll at Bow 

Common, 101. 

', cross section, showing Mr. Croll's mode of setting them, 102. 

, longitudinal section, showing Mr. Croll's mode of setting, 104. 

of clay and iron require different intensities of heat, 106. 

of clay at several London Gas -Works, 106. 

, fuel required for heating ; usual charges for, 107. 

>, method of charging them in small works ; use of the scoop ; 



general description of the process of charging, 108. 

-, number of men required for working ; method of drawing the 



charge from, 109. 

, particular description of the process of charging, 110. 

, method of drawing and renewing the charges in small works, 111. 

, number of stokers required to work, 112. 

, temperatures most advisable for working iron and clay, 113. 

, estimates of, by Mr. Clegg, Mr. Barlow, and Mr. Croll, 122, 123. 

, duration of, estimated by Mr. Croll and Mr. Barlow, 124. 

, carbonizing power, mode of estimating ; various sizes of, 125. 

, necessity for reducing the pressure of gas in the, 152. 

for the hydrocarbon process, engravings showing, 324, 325. 

•, varieties in mode of setting, shape of, &c, 327. 



Rigby, Messrs., Great Central Gas Company's contract with, 146. 
Rolling stock on railways, 335. 
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Saddle-pipes, screws for, 55. 

Scoop for charging, use of the, 108. 

Scotch gas-works, results* of clay retorts in, 86. 

Scotland, clay retorts and mode of setting in, 80. 

Scrubber or breeze condenser, 42. 

, description of the screens and contrivances 
for sealing the inlet and outlet pipes, 155. 
Shadows, comparison of gases by means of, 296. 
Shirley, his Paper in the ' Philosophical Transactions/ 6. 
Site for gas-works, choice of a, 251. 

— near a railway, canal, or navigable river, very favourable, 253. 
South Metropolitan Works, clay retorts at, 87. 

Specific gravity, quantity of gas discharged through pipes varying accord- 
ing to, 264. 
————— of gas, mode of ascertaining, 283. 

, example showing mode of correcting it for moisture con- 
tained in the gas, 286. 

, Mr. Wright's apparatus for taking, 288. 
-, examples of calculation to arrive at, 289. 



Specification for vertical condenser, 147. 

■ for horizontal condenser, 149. 

■ for wet-lime purifiers, 182. 

■ ■ for dry-lime purifiers, 183. 

— — of brick tank at Bow Common, 203. 

■ of tank and gas-holder, 216. 

■ of gas-holder at Central Gas Consumers 1 Works* 221. 
Spedding's proposal to apply natural gas for lighting Whitehaven, 8* 
Spinney's brick retorts or ovens, 87. 

' used at Newport, Cheltenham, and Exeter, 89. 

Splint coal, 35. 

Stand-pipe, description of the, 114. 

■ well at Bow Common Works, 203. 
' for gas-holder, 214. 

Station, division of rateable value where gas-works have more than one 

manufacturing, 348. ' 

Station meter, description of; reference to engraving of one at Western 

Gas -Works, 250. 

, engraving of the same, 251. 
Statutable allowances in rating gas-works, 334. 

, detailed estimate of, 337, 345. 

Sulphate of soda proposed for purification by Professor Graham, 193. 

- of lead proposed by M. Penot, 193. 

Sulphuret of carbon, difficulty of separating it from coal gas, 33. 

in C oal gas, Mr. Wright's apparatus for detecting, 28L 

Sulphuretted hydrogen, description and tests for discovering, 31. 

, injurious effects of, various modes of purifying gas 

from, 32. 
Sulphuric acid used as a desiccating material, 287. 
Superstitions entertained on the subject of burning flames, 3. 
Surveys of towns by Corps of Royal Engineers, 254. 

Tank for receiving products of conoeTftaftou; description of ditto, 143, 
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Tank, connection between the hydraulic main and the ; method of re mo v ing 
liquids from the, 145. 

at Bow Common, dimensions of, 150. 

, estimate of the cost of a, 207. 

, specification for an iron, 216. 

— of the governor, 230. 
Tanks of gas-holders, 198. 

— — of brick, of iron, dimensions of, 199. 

, excavation required for, thickness of work for brick, 200. 

, kind of brick-work which should be used for, puddling tanks, 4b&, 
201. 

-, specification for brick, 203. 



-, quantities of brick and stone work in one at Bow Common, 206. 



Tar, price of, 145. 

Telescopic gas-holders, 197. 

, description of, and engraving showing water-seal, 

212. 
Tell-tale on the dial face of station meter, 250. 
Temperature and long-continued distillation, effects o& 40. 
, Mr. Prinsep's method of determining high ; judging of them 

by means of colours, remarks on, 113. 
, correction for, 283. 
— , formula for correcting the volume of the gas according to, 



284. 

-, corrections for, 293. 



Testing with bromine, mode of, 294, 295. 

Test-papers, effects of the gas on ; Mr. Clegg's remarks on them, 188. 

Tests of the purity of gas, description of, 187. 

— for the various impurities contained in coal gas, 279. 

for ammonia and carbonic acid gas, 280. 

Thomson, Dr., his divisions of coal, 34. 

, analysis of four different kinds of coal by, 36. 

Valve, the hydraulic, 234. 

, engravings and description of two kinds of, 235. 

, (slide,) description and engravings of, 237. 
■ of the governor, 231. 

Veneration of the ancient world for burning flames, 2. 
Vertical retorts used by Mr. Murdoch, 44. 
Vitruvius and others, writings of, 4. 

Washing, effect of too much, 135. 

■ gas, process of, 42. 

Wash-vessel, position in which it is placed, 134. 

,plan of a, 135. 

— — , side elevation and description of, 136. 

■ , front elevation of, 137. 

Water gas, with gas from cannel coal, 321. 

« , detailed estimate by Mr. Clegg of the cost of, 323. 

, patentees connected with, 327. 

Watson, Dr., discoveries of, 9. 
Wedge wood's pyrometer, 112. 
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Weighing of gas, 282. 

West Bromwich Gas -Works, 55. 

Western Gas Company, their retort-house at Kensall Green, 130. 

— — — Works, condenser used at the, 141. 

, small pressure in hydraulic main at the, 154. 

, process tried for separating ammonia at the, 192. 

, station meter at the, 250. 

, engraving of ditto, 251. 
Wet and dry lime purifiers, 42. 
White's patent for making hydrocarbon gas, 309. 
Wicksteed's report on India-rubber rings for joints of pipes, 257. 
Wigan cannel, volume of gas produced from, 36. 
■ gas, comparison of, with gas produced from other coal, 39. 

, experiments on this kind of coal in the hydrocarbon process, 

313, 314. 
Winchester Gas -Works, setting of retorts at, 75. 
-, Croll's mode of setting retorts at, 95. 

, engravings of settings at, 96, 97. 

, settings by Mr. Pontifex at, 98. 

, engraving of settings by Mr. Pontifex at, 99. 

Winsor, Mr., his proposals and lectures on the subject of gas-lighting, 14. 
Wright, Mr., his apparatus for detecting sulphuret of carbon in coal gas, 280. 

, his description and drawing of apparatus, 281. 

, his apparatus for taking the specific gravity of gas, 288. 
, his Table for ascertaining specific gravity, 290. 



CORRECTIONS. 

Page 198, 4th line from bottom, read brick, masonry, or of iron 

„ 201, line 15, for prevent read present 

„ 239, line 7 from bottom, for pressure-gauge read pressure-indicator 
Same page, line 10 from bottom, for pressure-gauges read pressure-indi- 
cators 



Hughes, Printer, King's Head Court, Gough Square. 



NEWLY-IMPORTED WORKS from FRANCE, 



ON 



DESIGN IN ART. 



The following very superior Works, which are elaborately illustrated by 
Engravings, show, by educational means, the correct mode of Instruction 
in Design for elementary purposes, and for practice in drawing accurately 
and with elegance of style, in the Fine and Useful Arts. 

The superiority of French artists in making drawings for every purpose 
of refinement is an admitted fact; and the Works now submitted by 
Mr. We ale for sale, at Parisian prices, will afford ample evidence of the 
necessity of resorting to more correct principles of drawing from classic 
models than has hitherto been followed in this country. 

To practical Architects, Builders, Masons, Carvers, Decorative Painters, 
and Designers generally, these Works afford abundant examples for adop- 
tion, as they are drawn with the most perfect clearness and taste for the 
display of interior and exterior decoration in domestic and public edifices. 

For Designs in Cabinet Furniture and Upholstery these volumes may be 
consulted with peculiar advantage, while they are no less calculated to 
advance the successful progress of the Amateur in the study and pursuit 
of true principles. 

The Student in Engineering, as well as the practical Civil and Me- 
chanical Engineer, will* also be enabled to select a volume appropriated to 
the advancement of this branch of Art, and which will be found to contain 
Specimens projected and drawn with a view* to their improvement in the 
art of shadowing machines, tools, and implements, and also of constructive 
works. 

To the Trustees of Government Schools of Design, Mechanic Institutes, 
Institutions of Civil and Mechanical Engineers, and to Professional Men 
and Amateurs, the following list is more especially addressed. 

1. COURS ELEMENTAIRES de LAVIS applique* a L'ARCHITEC- 

TURE ; folio volume, containing 40 elaborately engraved plates, in 
shadows and colours, very finely executed by the best artists of 
France, price £ 2. Paris. 

2. COURS ELEMENTAIRES de LAVIS applique a MECANIQUE ; 

folio volume, containing 40 elaborately engraved plates, in shadows 
and colours, very finely executed by the best artists of France, 
price £2. Paris. 
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3. COURS ELEMENTAIRES de LAVIS applique* a ORNEMENTA- 

TION ; folio volume, containing 20 elaborately engraved plates, in 
shadows and colours, very finely executed by the best artists of 
France, price £ 1. Paris. 

4. COURS de DESSIN pour L'ORNEMENT, par Adolphe Bilordeaux. 

This work is composed of 8 cahiers of 12 plates in the following order: 
1 Cahier, Nos. 1 to 12, Dessins lineaires, combinaisons des lignes 
droites, des circles, et des courbes. 2 Cahier, Nos. 13 to 24, Construe 
tion de l'Ornement, Traits depuis la Charpente jusqu'au au trait pur. 
3 Cahier, Nos. 25 to 36, Etudes ele*mentaires, Traits accases et par- 
ties legerement ombres. 4 Cahier, Nos. 37 to 48, Etudes graduecs, 
Traits legerement ombres et parties terminees. 5, 6, 7, and 8 Cahiers, 
Nos. 49 to 96, Compositions progressives. 2 vols, large folio, 96 plates, 
well and elaborately executed, price £ 3. Paris. 

5. ETUDES d'ORNEMENTS aux deux CRAYONS puisees dans les 

quatre Icoles, par Bilordeaux ; in 2 vols, folio, 78 plates mounted, in 
fac-8imile of crayon drawings of enriched ornaments. £3. 18*. 

Paris. 

6. ETUDES PROGRESSIVES et COMPLETES ^ARCHITECTURE et 

de Lavis, par J. B. Tripon ; large folio, 24 fine plates, comprising the 
Orders of Architecture, mouldings with profiles, ornaments, and forms 
of their proportion, art of shadowing, doors, balusters, parterres, &c., 
&c, &c., price £1. As. Paris. 

7. SPECIMENS for DRAWING, SHADOWING, and ELABORATING 

the exterior and interior of Houses, drawn on a large scale, in large 
Atlas folio, consisting of Style Renaissance — Old French, Modern 
French, Italian, Venetian, English, and Parisian 12 plates, very 
finely executed, 15*. Paris. 

%* The plates are entitled * Architecture Moderne, Plans d?en- 
semple de details, coupe, et elevations, constructions au Lavis. (Voir la 
planche 2 pour la coupe verticale des deux ailes, et coupe longi- 
tudinale de l'entree et du grand corps de logis.)' 

8. ANCIENT and MODERN ARCHITECTURE : an unique and universal 

collection of Examples of Architectural Edifices, with sections and 
details, forming a History of Architecture of different Nations, from 
the earliest period to the present ; containing descriptive accounts and 
archaeological notices by MM. Jomard, ChampoHion-Figeac, Lang- 
lois, Dubeux, Era. Breton, Raoul-Rochette, L. Vandoyer, de Cau- 
mont, Girault de Prangey, Lenoir, J. Gailhabaud, etc ; in 4 vols, large 
4 to., accompanied by 400 very finely executed plates, engraved by 
the best engravers of England and France. Published, unbound, by 
Messrs. Didot, of Paris, at 300 francs. Price £ 12. 12*. Bound copies, 
price £ 14. 14*. Paris. 

*** This is a work of the highest character yet published on 
Architecture, useful in practice as a book containing the several 
Styles and Ages, profusely displayed in splendid engravings, and 

equally adapted to the drawing-room or the library. The following 

list is from Messrs. Didot' s CsXalogae*. 
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DETAIL DES VOLUMES. 

Planches. 
Ire SERIE. 

Le Kfiaca, a Ellora, 9 

Temple Visoua- Karma, a Eliora, 9 

Temple d'Aroeiis, a Edfou, 8 

Splos d'Athor, a Ebsamboul, 9 

Tombeau de Nakschi-Roustam, 1 

Temple dans l'ile de Gosso, 9 

Tresorerie d'Atree, a Mycenes, 8 

Acropole de Tyrinthe et de Mycenes, 9 

Porte des Lions, a Mycenes, 1 

Ordres grecs, 1 

Temple de Jupiter, a Selinonte, 1 

Temple de Segeste, 9 

Temple de Th£see, a Athenes, 9 

Temple de Minerve, a Athenes, 9 

Temple de Vesta, a Tivoli, 8 

Baailiques de Pompei, de Rome, etc., 1 
Amphitheatre Flaviea (le Coiiaee), a 

Rome, fi 

Amphitheatre de Pola, 9 

Monuments celtiques, 10 

Basilique de Saint-ClemetU, a Rome, 9 
Basilique de Saint-George, au VelabN, 8 

Eglise de Grotta-Ferrata, 1 

Eglise de Saint- Vital, a Ravenne, 9 

Cathe"drale d' Athenea, * 

Chapelle de Cividal du FriouL 9 

Eghse de Sain te- Marie, a ToscaneUa, 5 

Eglise de San- Mini ato, pres Florence, 4 

Catheclrale de Bonn, 1 

Mosquee de Cordoue, fi 

Mosquee de Touloun au Caire, 9 

Mosqule d'El-Moyed, au Caire, 3 

Eglise de Saint- Francois, a Assise, 4 

Cathedrale de Bale, 1 

Palais Foscari, a Vaniae, 1 

Eglise de Saint- Zacharie, a Veniae, 1 

Bibliotheque de Saint-Marc, a Veniae, 1 

Nouvelles Procuratiea, a Veniae, 1 

Eglise de Saint-Gervais, a Paris, 1 
Eglise de Saint-Paul-Saint-Louis, a 

Paris, 1 
Eglise de l'HAtel dea Invalid**, a Paris, 8 

Halle au Ble\ a Paris, 9 

Marche* Saint-Germain, a Paris, 9 



II« SERIE. 



1 
1 
1 

4 
3 
1 

9 
9 



Sphinx, lions et beiiers egyptiens, 
Palais de Menephtah, a Thebes, 
Maisons egyptiennea, 
Temple de Pfestum. 
Amphitheatre de Nlmes, 
Arc de Trajan, a Benevent, 
Arc de Septime Severe, a Rome, 
Tombeau de Cataa Ceetiua, a Rome, 
Tombeau de Cecilia Metella, a Rome, 3 
Basilique de Sainte-Marie in Cosmedin, 

a Rome, 9 

Ambons a Saint-Laurent, a Rone, 9 
Cloitre de Saint-Paul hors lea murs, 8 
Porche de l'atrium de l'eglise de Lorsch, 9 
Eglise de Savenieres, 1 

Eglise de Saint-Martin, a Angers, 8 

Eglise du Theotocos, a Constantinople, 3 
Eglise de Saint-Front, a Perigueux, 4 



Planches. 
Autel de l'egliae de Combourg, 9 

Portes sculptees de l'eglise du Capitole, 

a Cologne, 9 

Portail de l'egliae de Saint-Jacqaes, a 

Ratisbosne, 9 

Portail de la cath&lrale de Strasbourg, l 
Maisons de Cologne, 8 

Eglise de Saint- Simon, a Palerme, 8 
Cathldrale de Palerme, 1 

Cathearale de Fribourg, 1 

Cathearale de Cologne, 10 

Eglise de Saint- Etienne, a Vienne, 4 
Eglise de Saint- Laurent, a Nuremberg;, 1 
Cathearale d'York 9 

Cloture du chosur de Notre-Dame, a 

Paris, 5 

.Tube" de l'eghee de la Madeleine, a 

Troyea, 9 

Chaire de regttte de Saint- Etienne, a 

Vienne, 1 

Buffet d'orgue de la cathecbrale de 

Strasbourg, 1 

Fonts baptismaux, en Angieterre, 1 

Eglise de Dorchester (fenltre), 1 

Salle capitulaire, a Salisbury, 1 

Maison de Jacques Coeur, a Bcmrges, 6 
Hdtel de ville, a Saunrar, 9 

Tombeau de l'eveque Bridport, a Salis- 
bury, 1 
Eghse de Vetheuil. 9 
Vitraux de la cathearale cPAueh, 9 
Tombeau de Louis XII., a Saint-Denis, 9 
Eglise de Saint-Paul, a Londres, 3 

ni« SERIE. 

Fortifications heleniques (prea Mis- 

solonghi), l 

Speos oVAbou-Sembyl, 3 

Hemi-Sp£os a Girche, 9 

Temple de Khons a Karnae, 8 

Tombeaux hypegeena a Thebes et a 

Beni- Hassan, l 

Pyramldes de Giseh, etc* 9 

Theatre de Jassus, 1 

Murs et porte de~Messene, 1 

Temple de l'Honneur et de la Vertu, a 

Rome, 1 

Temple dit la MaUon Carrie, a Nlmes, 1 
Palais de Dioctttien, a Spalatro, 1 

Maison de Pansa, a Pompei, 1 

Forum de Pompei, 2 

Grand Theatre de Pompei, 1 

Thennes d'Antonm Caracalla, l 

Pont a Alcantara, et aqueduc pres Nlmes, 1 
Murs de Pompei et de Falenes, 2 

Tombeau de la famille Plautia, 1 

Eglise de Saint-Taxiarqne, a Athenes, l 
Mosquee de Hassan, au Caire, 2 

Baptistere Saint-Jean, a Poitiers, 6 

Cathedrale de Spire, 6 

Cathedrale Saint-Martin, a Mayence, 2 
Eglise de Hadtseoe, 1 

Cathedrale de Bourgea (porche), 3 

Baptistere de Pise, 1 

Eglise de Notre-Dame, a Treves, 3 

Samte-Marie des Fleurs, a Florence* & 
Ciborium da ftaiaV^^^M^NM^TBsa^ ** 
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FUnehes. 
Tabernacle-antel, a Florence (San-Mi- 

ehiele), 1 

Cloitre de M oissac, 3 

Palau episcopal de liege, 1 

Maison, a Haoorre (Koebetinger 



), 



Fonts d'Arignon et de Cahors, 
Fortifications d'Aignes-Mortes, 
Chapelle foneraire, a Pontevrault, 
Eglise de la Chartreuse, pres Parte, 
Basilique de Saint- Pierre, a Borne, 
Eglise de Gisors, 
Eglise da Reaemptear, a Venise, 
Eglise de Saint-Etienne-da-Mont, a 

Paris, 2 

Eglise de Saint-Ignace, a Rome, 1 

Cathedrale d'Erreux (boiseries;, 3 

Hotel-de-VUle de Cologne, 3 

Tombeaa da doge Vananunini, a Venise, 2 
Docks de Londres, l 

IVe SEBIE. 

Palais a Persepolis, 2 

Temples de Mtnerre Poliade, etc., 2 

Monom. chor. de Lysicrates, a Athenes, 1 

Horloge et Tour des Vents, Athenes, 1 

Tombeaa a TH missus, 1 

Tombeauz &rasques, 7 

Nymphees pres de Rome et a Albano, 3 

C.de Romulus, ditdeCaracalla a Rome, 1 

Basilique de Saint-Sabas, a Rome, 1 

Cathearale de Treves, 9 



Baptistere et tombeau de Saint-Con- 
stantin, a Rome, l 

Eglise de Notre- Dame da Port, a Cler- 
mont, 
Eglise de Marmoutiers, 
Eglise de Royat, 
Cryptes romanes, 

Tombeauz dans la catheclrale de Treves, 
Alhambra, a Grenade, 
Chapelle Palatine, a Palerme, 
Eglise de Saint-Botolph, a Boston, 
Siege episc. dans la basilique Saint- 
Laurent, 
Stalles dans la catheclrale d' Amiens, 
Portes dans l'eglise abbatiale de Saiat- 

Alban, 
Chateau de Meilhant, 
Sarcophage de Sir Thomas Caiew, 
Tombeau de Sir Thomas Tropenell, 
Chapelle sepulcrale a MontmoriDoa, 
Eglise de Saint-Francis des Nobles, a 

Perugia, 
Palais Stroxzi, a Florence, 
, Logje des Lancet, a Florence, 
Maisons, a Rouen, 
Chateau de Chambord, 
Chateau d'Azay-le-Rideau, 8 

Fort de Saint-Andrl, a Venise, 3 

Tombeaa du cardinal d'Amboise, a 

Rouen, 2 

Eglise da Jesus, a Rome, 3 

Monuments mexicains, 11 



9. ENCYCLOPEDIE d'ARCHITECTURE, Journal Mensuel: cob- 
tenant 120 Planches gravees publiees sous la direction de M. Yictok 
Calliat, Architecte ; on Texte descriptif et des Notices historiques par 
M. Adolphe Lance, Architecte. 2 vols. (2 years) 4 to. £2.\2s.6d, 

V Encyclopedic & Architecture, publiee sous le patronage des Artistes 
les plus eminents, compte maintenant deux annees d'existence. Le 
grand succes qui a accueilli cette publication des son debut prouve que 
l'Editeur, en creant pour MM. les Architectes un organe veritable- 
raent usuel, est venu remplir une lacune important. 

Ce qui recommande particulierement V Encyclopedic (V Architecture, 
c'est d'abord que les planches qui y figurent, au lieu d'etre de simples 
illustrations plus ou moins bien choisies, raais isolees entre eiles, se 
relient au contraire pour former des series completes d'un inte'ret 
serieux et durable. En d'autres termes, ce n'est pas seulement telle 
ou telle partie d'un edifice que l'abonne de YEncyclopedie d? Architec- 
ture trouve dans son journal, c'est V ensemble et tons les details de cet 
edifice; et cela est si vrai que, dansun temps qui n'est pas eloigne*, ce 
Recueil contiendra des Demographies completes des monuments dont 
la nomenclature suit: Notre-Dame de Paris, — Saints- Chapelle, 
— Cathedrals de Chartres, — Chateaux de Chambord bt de 
Gaillon, — Palais de Louvre, — BiBLiOTHsauE Saints-Gene- 
vieve, — Prison Mazas, etc. Ces monographies reliees s^parement 
formeront un jour, par la combinaison la plus economique, une veri- 
table bibliotheque d'architecte. 

On le voit, V Encyclopedic d 1 'Architecture est avant tout une collec- 
tion d'ouvrages separes sur des monuments choisis parmi les plus 
remarquables, et dont la plupart n'avaient ete jusqu'a ce jour as 
__^ rata**, ni graves, ni public's. Paris. 
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MR. WEALE'S 

SERIES OF RUDIMENTARY WORKS 

FOR THE USB OF BEGINNERS, 



NEW LI8T FOR 1854. 

The whole Series, comprising 105 volumes, will be succeeded by other interesting 
and useful works more especially intended for Public Instruction, written by 
learned and efficient masters in the several branches of Education. 

1. Rudimentary Chemistry, by Professor Fownes, F.R.S., &c. 3rd edition, 

and on Agricultural Chemistry, for the use of Farmers . 1*. 
2. Natural Philosophy, by Charles Tomlinson, 2nd edition . 1*. 

3. Geology, by Lieut.- CoL Portlock,F.R.S.,F.G.S.,&c. 2nd edit. It. 6d. 

4. ■ Mineralogy, by D. Varley, vol. i. 2nd edition . . * It. 

5. — — — — -— — _ vol. ii. „ ... It. 

6. Mechanics, by Charles Tomlinson, 2nd edition . . .It. 

7. — — — Electricity, by Sir William Snow Harris, F.R.S., &c. 2nd edit, 

with the important addition of the Cavendish Papers . ls.6d. 

8. ■ Magnetism: an Exposition of the General Principles of 

Magnetical Science, by Sir W. Snow Harris, voL i. . . 1*. 

9. vol. ii. . 1*. 
10. vol. iii. At.Gd. 

11. History, Progress, and Present State of the Electric Telegraph 

in its several applications, by Edward Highton, C. E. double Is. 

1 2. Pneumatics, by Charles Tomlinson, 2nd edition . . . Is. 

13. ■ Civil Engineering, by Henry Law, C.E., voL i. 2nd edition 1*. 

14. 15, ■ ■ voL ii., vol. iii., each 1*. 

15* voL iii> part 2. 1*. vU. 

16. Architecture (Orders), by W. H. Leeds, 2nd edition . 1*. 

1 7. Ditto, (Styles — their several examples,) by T. Bury, Architect It. 6d. 

18. Principles of Design in Architecture, by E.L.Garbett, Arc*, v.i. 1*. 

19. ■ — ■ — vol. ii. 1*. 

20. Perspective, by G. Pyne, Artist, voL i. 3rd edition . . 1*. 

21. vol. iL ., . . .1*. 

22. Art of Building, by E. Dobson, C.E., Assoc. Inst. C.E. . 1*. 

23. Brick-making, Tile-making, by the same, vol. i. • 1*. 

24. — — — — — - — _— vol. ii. . 1*. 

25. — Masonry and Stone-cutting, by the same • . 1*. 

26. • Illustrations of the preceding, in 16 4 to atlas plates . • 1*. 

27. ' Art of Painting, or a Grammar of Colouring, by George 

Field, Esq., vol. i. . • . . Is. 

28. voL ii. . . 1*. 

29. — Draining Districts and Lands, by G. D. Dempsey, C.E. It. 

30. Draining and Sewage of Towns and Buildings, by 

the same 1*. 

31. > Well-sinking and Boring, by J. G. Swindell, Archi- 
tect, 2nd edition, revised by G. R. Burnell, C.E. . - ^«~ * 



RUDIMENTARY SCIENTIFIC WORKS 



32. Rudimentary Art of Use of Instruments (generally), by J. F. Heather, 

M.A., of the Royal Mil. Acad., Woolwich, 2nd edit. 

33. _— — — Constructing Cranes for the Erection of Buildings 

and for Hoisting Goods, by J. Glynn, F.R.S., C.E. • . U 

34. Treatise on the Steam Engine, by Dr. Lardner. {Written 

specially for this Rudimentary Series.) . . . U 

35. Art of Blasting Rocks and Quarrying, and on Stone, by 

Lieut.-Gen. Sir John Burgoyne, K.C.B., R.E., &c. &c. . U 

36. . , Dictionary of Terms used by Architects, Builders, Civil and 

Mechanical Engineers, Surveyors, Artists, Ship-builders, 
&c. vol. i. ...... • , U 

37. ■ vol. ii li. 

38. ■ vol. iii. U 

39. — vol. iv. . U 

40. Art of Painting on Glass, or Glass-Staining, by Dr. M. A. 

Gessert, with an Appendix on the Art of Enamelling, &c. It. 

41. ■ . ■ Essay on the Art of Painting on Glass, by E. O. Fromberg 1*. 

42. '- • Treatise on Cottage Building ; and some new Hints for Im- 
proving Dwellings, by C. B. Allen, Architect . . . 1*. 

43. — Tubular, Girder Bridges, and others, more par- 

ticularly describing the Britannia and Conway Bridges, 
with the Experiments made to determine their form, 
strength, and efficiency, by G. D. Dempsey, C. E. . . if. 

44. — Foundations and Concrete Works, by E. Dobson, 

C.E u 

45. — — , « Limes, Cements, Mortars, Concrete, Mastics, 

Plastering, &c, by Geo. R. Burnell, C.E. . . , li. 
45. , the Art of Constructing and Repairing Common 

Roads, by H. Law, C.E. \ 9 , 

41 f — — the History, Construction, and Illumination 

of Lighthouses, by Alan Stevenson, LL. B., F. R. S. E., 

M. Inst. C.E. •••••• voL i. If. 

4g. Ditto, Continuation of the same subject, vol. ii. If. 

49. -vol. iii. If. 

50. — the Law of Contracts for Works and Services, by 

David Gibbons, Esq ]*. 

51. — Naval Architecture, the Elementary Principles of 

the Science, by J. Peake, H. M. Naval Architect . .It. 
52. the Practical Principles of Ditto, forming a 2nd 

and a 3rd volume, to complete the work, vol. i. . . i*. 

53. — ■ vol. ii. . . is. 

54. Masting, Mast-making, and Rigging of Ships 1*. 6£ 

55. — . Navigation: the Sailor's Sea-Book; in two 

Parts : i. How to keep the log and work it off. n. On 
finding the latitude and longitude. By James Green- 
wood, Esq., B.A. — With Directions for Great Circle 
Sailing; an Essay on the Law of Storms and Variable 
Winds; and an Explanation of Terms used in Ship- 
Building, with coloured illustrations of Flags, voL i. v . it. 
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Rudimentary Treatise on Navigation, &c, vol. ii. . , . . .It. 

the Principles of the Art of Warming and Ven- 
tilating Domestic and Public Buildings, Mines, Light- 
houses, Ships, &c, by Chas. Tomlinson, vol. i. • . It. 

— — ' ■ ■ • vol. ii. . . 1*. 



Steam Boilers, their Construction and Practical 



Management, by Robert Armstrong, C.E. . . .It. 
Land and Engineering Surveying, for the use 



of Schools and Private Students; for Practical Land 
Surveyors, and Engineers, by T. Baker, C.E., vol. i. . 1*. 

vol. ii. . 1*. 



Introductory Sketches of Railway Details, by R. M. 

Stephenson, C.E 1*. 

Treatise on the Construction of Agricultural Buildings of every 

description, by G. H. Andrews, Agricultural Engineer . l«. 
on Motive Powers, and the Machinery of the 



Steading, by G. H. Andrews, A.E 1*. 

on Agricultural Field Engines, Machines, and Im- 



plements, by the same 1*. 

on Clay Lands and Loamy Soils, and the Value of 



different Lands, by Prof. Donaldson, Government Land 

Drainage Surveyor 1*. 

> > on Clock and Watch-making, and on Church Clocks, 

with illustrations, by E. B. Denison, M. A., vol. i. . . Is. 
' vol. ii. . . 1*. 



and Practical Treatise on Music, with plates of examples, 

by C. C. Spencer, Professor of Music, vol. i. • . . 1*. 
vol. ii. . . . 1*. 



Instruction for Playing the Piano-Forte, by the same . . 1*. 
Treatise (A Manual of the Mollusca) on Recent Fossil 

Shells, by S. P. Woodward, Assoc, of the Linnaean Soc. . 1*. 

— — — — — — — — — Illustrations to Do. It. 

— — — — vol. ii. of the same . Is.' 

— — ■ Illustrations . . It. 



%* Coloured after nature, price 10*. 6 d, each series. 

— Treatise on Descriptive Geometry, with the Theory of Sha- 
dows and of Perspective, from the French of G. Monge, by 

J. F. Heather, M.A. 1*. 

Descriptive Geometry: Illustrations to the same, 



in 14 plates, atlas 4to 1*. 

Steam as applied to General Purposes and Loco- 



motive Engines, by J. Sewell, C.E. . . vol. i. . Is. 

by the same vol.fi. . 1*. 

Supplementary volume to the above, illustrative 



of the Origin, Growth, and rapid Developments of the 

Locomotive Engine Is. 

Marine Engines, particularly in reference to H.M. 



Steam Navy, by R. Murray, C.E. . • . vol. i. 1*. 
Ditto, and on the Screw, &c, by the same, voL iL 



RUDIMENTARY SCIENTIFIC WORKS. 



82. Rudimentary Treatise on the Power of Water, as applied to drive Flour- 
Mills, and to give Motion to Turbines and other Hydro- 
static Engines, by Jos. Glynn, F.R.S., C.E. . 2#. 

83. — — — Book-Keeping and Commercial Phraseology, by James 

Haddon, M. A., King's College, London . . .It. 

MATHEMATICAL SERIES. 

84. and Elementary Treatise on Arithmetic, with a full Explana- 
tion of the Theory, and numerous Examples for Practice 
and for Self-Examination, by J. R. Young, late Prof, of 
Mathematics, Belfast Coll. : with Key, each • . . U.Gu 

85. — — — Equational Arithmetic, applied to Questions of Interest, An- 
nuities, and General Commerce : also Formulae for the So- 
lution of all ordinary Calculations by a simple Equation, 
by W. Hipsley, of Hull U. 

86. — — — — - Elements of Algebra, for the use of Schools and Self-Instruc- 
tion, vol. i. by James Haddon, M.A., King's Coll., London 1*. 

87. vol. ii. by the same 1*. 

88. Principles of Geometry; the application of Logic to Geome- 
trical Reasoning, based on the text of Euclid, Books 
1,2,3. By Henry Law, C. E., vol. i. . . . . 1*. 

89. . ■ vol. ii., by the same ; 4th, 5th, 6th, 

11th and 12th Bocks of Euclid, with illustrative Notts* 
and a practical application of the various Theorems . 1*. 

90. ........... Analytical Geometry, by James Hann, Professor, King's Coll. la. 

91. Treatise on Plane Trigonometry, by the same . . . 1*. 

92. Spherical Trigonometry, by the same . . It. 

93. Elements and Practice of Mensuration and Geodesy, by T. 

Baker, C. E la. 

94. Treatise on Logarithms, vol. i. by Henry Law, C. E. . . U. 

95. Tables for facilitating Astronomical, Nautical, Trigonometri- 
cal, and Logarithmic Calculations, vol. ii. by the same . 1*. 

96. and Elementary Treatise on Popular Astronomy, by the Rev. 

Robert Main, of Her Majesty's Observatory, Greenwich . 1*. 

97. Principles and Practice of Statics and Dynamics, by T. 

Baker, C.E 1*. 

98. Elements of Mechanism, elucidating the Principles developed 

by the Science of Mechanics for the elementary and prac- 
tical Construction of Machines, for the use of Schools and 
the Student in Mechanical Engineering, by T. Baker, C.E. It 
98*. ■ — ■ with Practical Machines, by the same 1*. 

99. The Theory and Practice of Nautical Astronomy and Navigation, by 

H. J. Jeans, Royal Naval College, Portsmouth, vol. i. . l#. 

100. vol. ii. . U. 

These volumes describe the use of the ' Nautical Almanac,' by meant of an investi. 
gation of the construction of some of the Tables contained therein: they also 
contain numerous easy Examples,— Rules at length for finding the latitude and 
longitude and variation of the compass, and also their investigation, — thus 
rendering it complete, without reference to any other work on the subject. 

'101. Rudimentary Differential Calculus, in which the Principles are dearly 

elucidated, by W. S. B. Woolhouse, F. R. A. S. . . if. 




NEW SERIES OP c LONDON,' 



102. Rudimentary Integral Calculus, in which the Principles are also clearly 

elucidated, by Homersham Cox, M. A. of Cambridge . It. 

103. Collection of Examples of the Integral Calculus, vol. i. by 

James Hann, Professor, King's College . . .It. 

104. — — the Differential Calculus, vol. ii. 

by J. Haddon, M. A., King's College . . . . 1*. 

105. — — — — — and First Mnemonical Lessons in Algebra, Geometry, and 

Trigonometry, by the Rev. Thos. Penyngton Kirkman, 

M. A., Rector of Croft-with-Southworth, Lancashire . 1«.6< 

This volume, which contains more than the usual number of pages, is an excellent 
accompaniment to the 21 preceding works. 



NEW SERIES OF 'LONDON.' 

A new Series at 1*. each, developing in Ten Sectional Divisions, 
for the convenience of the Industrial Classes, 

THE METROPOLIS OF THE BRITISH EMPIRE 
AND ITS NEIGHBOURHOOD, 

Described and elucidated by an Exposition of its History and Antiquities 

INCLUDING 

The History of the Corporation of the ancient City of London — its Arts, Trade, 
and Commerce — its Architecture, Club-Houses, Docks, Picture Galleries, Scientific 
Institutions and Public Libraries, Astronomical Observatories in and near London, 
and other interesting and useful information, amply described and illustrated. 

The following opinion of the whole combined as a volume has been expressed 

by a periodical of the highest standard, devoted to literature and the arts : 

" A volume of nearly a thousand closely printed pages descriptive of everything that can 
interest the stranger or the resident, profusely embellished with more than two hundred care- 
fully executed wood-cuts of the principal points of interest in its thoroughfares, and a newly 
constructed Map by Mr. Lowry, cannot be otherwise than acceptable to the mass of visitors 
to the Metropolis at the present time. When we add that all this is produced at an exceedingly 
moderate cost, we cannot but feel that Mr. Weale*s work was suggested by higher than mere 
trade notions, — by a wish, in fact, to be serviceable to all who wanted such services. Throughout 
we trace a careful desire to be accurate and a freedom from a mere common-place laudation, of 
certain pet places which are stereotyped for praise, such as the view from Richmond Hill and 
other localities. With such a book as this none but the hypercritical could be dissatisfied. 
In going over so large a field, and the vast amount of pains taken, the insignificance of a few 
slips of the pen render them venial. We cannot but feel the superiority of a work of this kind 
to some more ambitious hand-books, which are made up by a paste-and-scissors process, with an 
abundance of quotations from old books, containing mere nominal allusions to places and things, 
void of all interest but that which the philosophical inquirer may need in noting the misdirected 
ingenuity of the compiler. Mr. Weale's book takes a higher position than these, and he i& justly 
entitled to higher reward. His volume is a sensible and useful guide."— Art-Union Journal^ 
Sept. 1851. 

1. London.— Section i. The Physical Geography of the Basin of the Thames. 
— ii. Climate — in. Geology — iv. Natural History — v. Statistics — - 
Spirit of the Public Journals — * Times' Printing-press — vi. Legislation 
and Government, Municipal Arrangements, Police, Postal Arrange-, 
ments — Banking — Assurance Offices — Export and Import Duties.. 
Wood-cuts of ' Times' Machine , . .. I*. 

2. Architecture — Remarks on its History — the Tower — Tera^lft 

4 — 
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Church — Westminster Abbey — St. Stephen's Chapel — St. Paul's — 
Churches, including those by Sir C. Wren, Inigo Jones, Sir W. Cham- 
bers, Sec. 30 wood-cuts, interior and exterior of Churches . . 1*. 

3. London. — Somerset House — St. Paul's before the fire — Almshouses — Arts, 
Manufactures, and Trades — Tables of Life Assurance Companies, with 
the Rates of Premiums — Asylums — the Bank of England — Baths and 
Washhouses — Buildings for the Labouring Classes — Breweries — 
Bridges — Canals — Cemetery Companies — Club-Houses. 27 wood-cuts Is. 

4. Club-Houses — Churches — Colleges — an elaborate account of 

the Privileges and Constitution of the City of London, a special article 
— Customs, Custom House, Docks, and Port of London — Royal Dock- 
yards, with plans— Ducal Residences — the Electric Telegraph — Educa- 
tion — Engineering Workshops — the Royal Exchanges, Coal and Corn 
Exchanges — Coffee Houses, &c. 30 wood-cuts of Club Houses, the 
Docks, and the three Royal Exchanges, plans and elevations . . Is. 

5. — — Galleries of Pictures. — Succinct account of all the Pictures, with 
the names of*the Masters, in the Galleries and Collections of Lord Ash- 
burton — Barbers' Hall, City — Bridewell Hospital — Thomas Baring, 
Esq., M.P. — the Society of British Artists — British Institution — British 
Museum — the Duke of Buccleuch — Chelsea Hospital — the Duke of 
Devonshire — G. Tomline, Esq., M.P. — Dulwich College — the Earl of 
Ellesracre — the Foundling Hospital — School of Design — Greenwich 
Hospital — Vernon Gallery — Grosvenor Gallery — Guildhall — Hampton 
Court-— T. Holford, Esq. — H. T. Hope, Esq., M.P. — St. James's Palace 
— H. A. J. Munro, Esq. — Kensington Palace — the Marquis of Lans- 
downe — the National Gallery — National Institution— the Duke of 
Northumberland — Lord Overstone — Mr. Sheepshanks — Lord Garvagh 
— Earl de Grey — Lord Normanton^-Sir Robert Peel — the Queen's 
Gallery, Buckingham Palace — Samuel Rogers, Esq. — Royal Academy 
■ — Society of Arts — the Duke of Sutherland — Lord Ward-— the Marquis 
of Hertford— the Duke of Wellington— Whitehall Chapel— Windsor 
Castle, &c. 13 wood-cuts It. 

o. — — Gas Works and Gas-lighting in London — Gardens, Conser- 
vatories, Parks, &c. around London, with an account of their for- 
mation and contents. 21 wood-cuts of the principal Conservatories, 
Gardens, &c * Is. 

7. Halls, Hospitals, Inns of Court — Jewish Synagogues — Schools, 

Learned Societies, Museums, and Public Libraries — Lunatic Asylums 
— Markets — Mercantile Marine — the Mint — Music, Opera, Oratorio 
— Musical Societies, &c. 17 wood-cuts 1*. 

8, Observatories in London and its Vicinity — Observatories and 

Astronomical Instruments in use at Cambridge and Oxford, with 20» 
wood-cuts cf interior and exterior of Observatories, and of Astronomical 
Instruments I*. 

9. , Patent Inventions in England — Public and Private Buildings 

of London, criticisms on the taste and construction of them — Houses 
of Parliament — Prisons, &c. 16 wood-cuts . ... . . 1*. 

Railway Stations in London — Sevrws — ^.itaoasN— -&tatt&'&v«\- 
i the Thames— The WorVs of i\ie TY\ata*% 1\a«k& ^l^ec- 
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Supply to the Metropolis — Excursion to Windsor, with views and 
plans ; plans of the Stables, &c. — The Two Universities of Cambridge 
and Oxford, with views and plans of the Colleges ; and an Index and 
Directory. 25 wood-cuts It. 

%* The following gentlemen were contributors to the preceding : 



P. P. Baly, Esq.CE. George Hatcher, Esq. C.E. William Pole, Esq. 

6. R. Burnell, Esq. C.E. Edward Kemp, Esq. George Pyne, Esq. 

M. H. Breslau, Esq. Henry Law, Esq. C.E. Charles Tomlinson, Esq. 



G. R. Burnell, Esq. C.E. Edward Kemp, Esq. George Pyne, Esq. 

M. H. Breslau, Esq. Henry Law, Esq. C.E. Charles Tomlinson 

Hyde Clarke, Esq. C.E. W. H. Leeds, Esq. W. S. B. Woolhouse, Esq. 

E. L. Garbctt, Esq. Architect. Rev. Robert Main, T T ** 

J. Harris, Esq. C.E. H. Mogford, Esq. 



NEW SERIES OF EDUCATIONAL WORKS; 

OR 

Volumes intended for Public Instruction and for Reference : 

To be published in the course of 1852. 

The public farour with which the Rudimentary Works on scientific subjects have 
been received induces the Publisher to commence a New Series, somewhat different 
in character, but which, it is hoped, may be found equally serviceable. The 
Dictionaries of the Modern Languages are arranged for facility of reference, 
so that the English traveller on the Continent and the Foreigner in England may 
find in them an easy means of communication, although possessing but a slight 
acquaintance with the respective languages. They will also be found of essential 
service for the desk in the merchant's office and the counting-house, and more 
particularly to a numerous class who are anxious to acquire a knowledge of 
languages so generally used in mercantile and commercial transactions. 

The want of small and concise Greek and Latin Dictionaries has long been 
felt by the younger students in schools, and by the classical scholar who requires a 
book that may be carried in the pocket ; and it is believed that the present is the 
first attempt which has been made to offer a complete Lexicon of the Greek 
Language in so small a compass. 

In the volumes on England, Greece and Rome, it is intended to treat of 
History as a Science, and to present in a connected view an analysis of the large 
and expensive works of the most highly valued historical writers. The extensive 
circulation of the preceding Series on the pure and applied Sciences amongst 
students, practical mechanics, and others, affords conclusive evidence of the 
desire of our industrious classes to acquire substantial knowledge when placed 
within their reach ; and this has induced the hope that the volumes on History 
will be found profitable not only in an intellectual point of view, but, which is of 
still higher importance, in the social improvement of the people ; for without 
a knowledge of the principles of the English constitution, and of those events 
which have more especially tended to promote our commercial prosperity and 
political freedom, it i» impossible that a correct judgment can be formed by the 
mass of the people of the measures best calculated to increase the national welfare, 
or of the character of men best qualified to represent them in Parliament ; and 
this knowledge becomes indispensable in exact proportion as the elective franchise 
may be extended and the system of government become more und&c tk&vB&a&KaR*.' 
of public opinion. 

The scholastic application of these voYumea "has xisX \«cbl qpwftssStf^ ^ 
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comparison of the text with the examinations for degrees, given at the end of the 

second volume of the History, will show their applicability to the course of historic 

study pursued in the Universities of Cambridge and London. j 

1. Outlines of the History ot England, with special reference to the origin I 

and progress of the English Constitution, by William Douglas Hamilton, of I 

University College, with Illustrations . . . . . . . U| 

2. Continuation, bringing the History 

down to a recent period . . 1*. 

•#• This history is designed to communicate, in an accessible form, a knowledge of the mod 
essential portions of the great works on the English Constitution, and to form a text-book j 
for tho use of Colleges and the higher classes in Schools. 

8. View of the History ot Greece, in connection with the rise of the arts and 

civilization in Europe, by W. D. Hamilton, of University College . . 2x. 

" To Greece we owe the Arts and Sciences, but to Rome our knowledge of them." 

4. History of Rome, considered in relation to its social and political changes, 

and their influence on the civilization of Modern Europe, designed for the 
use of Colleges and Schools, by the same .... . . 2*. 

5. A Chronology of Civil and Ecclesiastical History, Literature, Science, and 

Art, from the earliest time to 1850, by Edward Law, vol. i. . .Is. 

6. vol. ii. . ,li, 

7. Grammar of the English Language, for Schools and Private Instruction . lx. 

8. Dictionary of the English Language, comprehensive and concise . . 2s. 6rf. 

9. Grammar of the Greek Language, by H. C. Hamilton . . . . lx. 
10. Dictionary of the Greek and English Languages, vol. i., by H. R. Hamilton . lx. 

11. vol. ii., by the same . . lx. 

12. English and Greek Languages, vol. iii., by the same . . 2x. 

13. Grammar of the Latin Language, by H. C. Hamilton ... . , lx. 

14. Dictionary of the Latin and English Languages, vol. i., by H. E. Hamilton . lx. 
15. vol. ii., by the same . . lx. 

16. ■ English and Latin Languages, vol. iii., by the same . . 2x. 

17. Grammar of the French Language Is. 

18. Dictionary of the French and English Languages, vol. i., by A. Elwes . lx. 
19. English and French Languages, vol. ii., by the same . . lx. 

20. Grammar of the Italian Language, by Alfred Elwes, Professor of Languages lx. 

21. Dictionary of the Italian, English, and French Languages, v. i., by the same lx. 

22. English, Italian, and French Languages, v. ii., by the same lx. 

23. French, Italian, and English Languages, v. iii., by the same lx. 

24. Grammar of the Spanish Language, by the same 1*. 

25. Dictionary of the Spanish and English Languages, vol. i., by the same . . 2x. 
26. English and Spanish Languages, vol. ii., by the same . 2x. 

27. Grammar of the German Language, by G. L. Strausz, (Ph. Dr.) . . . Is. 

28. German Reader, selections from the best authors, by the same . . . lx. 

29. Dictionary of the English, German, and French Languages, vol. i., by Nicolas 

Esterhazy S. A. Hamilton .Is. 

30. — German, English, and French Languages, vol. ii., by the 

same h. 

French, English, and German Languages, vol. iii., by the 
1*. 
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In one Volume large 8ro., with 13 Plates, Price One Guinea, 

in Jialf-morocco binding. 
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CONTENTS. 



PART I.— PURE MATHEMATICS. 



CHAPTER L— Arithmetic. 

Ssjct. 

1. Definitions and Notation. 

2. Addition of Whole Numbers. 

3. Subtraction of Whole Nuraben. 

4. Multiplication of Whole Numbers. 

5. Division of Whole Numbers. — Proof of 

the first Four Rules of Arithmetic. 

6. Vulgar Fractions.— Reduction of Vul- 

gar Fractions. — Addition and Sub- 
traction of Vulgar Fractions. — Mul- 
tiplication and Division of Vulgar 
Fractions. 

7. Decimal Fractions. — Reduction of 

Decimals. — Addition and Subtrac- 
tion of Decimals. — Multiplication 
and Division of Decimals. 

8. Complex Fractions used in the Arts 

and Commerce. — Reduction. — Addi- 
tion. — Subtraction and Multiplica- 
tion. — Division. — Duodecimals. 

9. Powers and Roots. — Evolution. 

10. Proportion. — Rule of Three. — Deter- 

mination of Ratios. 

11. Logarithmic Arithmetic. — Use of the 

Tables. — Multiplication and Division 
by Logarithms. — Proportion, or the 
Rule of Three, by Logarithms. — 
Evolution and Involution by Log- 
arithms. 

12. Properties of Numbers. 

CHAPTER II.— Algebra. 

1. Definitions and Notation. 

2. Addition and Subtraction* 
8. Multiplication. 

4. Division. 

5. Involution. 

6. .Evolution. 

7. Surds. — Reduction. — Addition, Sub- 

traction, and Multiplication. — Di- 
vision, Involution, and Evolution. 

8. Simple Equations. — Extermination. — 

Solution of General Problems. 



Skct. 
9. Quadratic Equations. 

10. Equations in General. 

11. Progression. — Arithmetical Progres- 

sion. — Geometrical Progression. 

12. Fractional and Negative Exponents. 

13. Logarithms. 

14. Computation of Formulae. 

CHAPTER III.— Geometry. 

1. Definitions. 

2. Of Angles, and Right Lines, and their 

Rectangles. 

3. Of Triangles. 

4. Of Quadrilaterals and Polygons. 

5. Of the Circle, and Inscribed and Cir- 

cumscribed Figures. 

6. Of Planes and Solids. 

7. Practical Geometry. 

CHAPTER IV.— Mensuratioh. 

1. Weights and Measures. — 1. Measures 

of Length. — 2. Measures of Surface. 
—3. Measures of Solidity and Ca- 
pacity. — i. Measures of Weight — 
5. Angular Measure. — 6. Measure of 
Time. — Comparison of English and 
French Weights and Measures. 

2. Mensuration of Superficies. 

8. Mensuration of Solids. 

CHAPTER V.— Tbioonomktby. 

1. Definitions and Trigonometrical For- 

mulae. 

2. Trigonometrical Tables. 

3. General Propositions. 

4. Solution of the Cases of Plane Trian- 

gles. — Right-angled Plane Triangles. 

5. On the application of Trigonometry 

to Measuring Heights and Distances. 
— Determination of Heights and 
Distances by Approximate Mechani- 
cal Methods. 
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CHAPTER VI.— Conic Sections, 

Skct. 

1. Definitions. 

2. Properties of the Ellipse. — Problems 

relating to the Ellipse. 

3. Properties of the Hyperbola. — Pro- 

blems relating to the Hyperbola. 

4. Properties of the Parabola. — Problems 

relating to the Parabola. 



CHAPTER VII.— Pbopebths of 

CURYBS, 

Skct. 

1. Definitions. 

2. The Conchoid. 
8. The Cissoid. 

4. The Cycloid and Epicycloid. 

5. The Quadratrix. 

6. The Catenary.— Tables of Relations 

of Catenarian Corves. 



PART II.— MIXED MATHEMATICS. 



CHAPTER L— Mechanics in General. 

CHAPTER II.— Statics. 

1. Statical Equilibrium. 

2. Center of Gravity. 

S. General application of the Principles 
of Statics to the Equilibrium of 
Structures. — Equilibrium of Piers 
or Abutments. — Pressure of Earth 
against Walls. — Thickness of Walls. 
— Equilibrium of Polygons. — Sta- 
bility of Arches. — Equilibrium of 
Suspension Bridges. 

CHAPTER III.— Dynamics. 

1. General Definitions. 

2. On the General Laws of Uniform and 

Variable Motion. — Motion uniformly 
Accelerated. — Motion of Bodies un- 
der the Action of Gravity. — Motion 
over a fixed Pulley. — Motion on 
Inclined Planes. 

3. Motions about a fixed Center, or Axis. 

— Centers of Oscillation and Per- 
cussion. — Simple and Compound 
Pendulums. — Center of Gyration, 
and the Principles of Rotation. — 
Central Forces. — Inquiries connected 
with Rotation and Central Forces. 

4. Percussion or Collision of Bodies in 

Motion. 

5. On the Mechanical Powers. — Levers. 

— Wheel and Axle. — Pulley. — In- 
clined Plane. — Wedge and Screw. 
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CHAPTER IV.— Hydbostatiob. 

1. General Definitions. 

2. Pressure and Equilibrium of Non- 

elastic Fluids. 
8. Floating Bodies. 

4. Specific Gravities. 

5. On Capillary Attraction. 

CHAPTER V.— Hydrodynamics 

1. Motion and Effluence of Liquids. 

2. Motion of Water in Conduit Pipes 

and Open Canals, over Weirs, &c. — 
Velocities of Rivers. 

3. Contrivances to Measure the Velocity 

of Running Waters. 

CHAPTER VI.— Pneumatics. 

1. Weight and Equilibrium of Air, and 

Elastic Fluids. 

2. Machines for Raising Water by the 

Pressure of the Atmosphere. 

3. Force of the Wind. 

CHAPTER VII.— Mechanical Agents. 

1. Water as a Mechanical Agent. 

2. Air as a Mechanical Agent. — Cou- 

lomb's Experiments. 

3. Mechanical Agents depending upon 

Heat The Steam Engine.— Table 
of Pressure and Temperature of 
Steam.— General Description of the 
Mode of Action of the Steam Engine. 
— Theory of the Steam Engine.— 
Description of the various kinds of 



12 



MATHEMATICS FOR PRACTICAL HEN. 



Saer 



Engines, and the Formulae for calcu- 
lating their Power. — Practical appli- 
cation of the foregoing Formulae. 
4. Animal Strength as a Mechanical Agent 



CHAPTER VIII.— Sthkhqth 
Materials. 



of 



1. Results of Experiment!, and Principles 

upon which they should be practically 
applied. 

2. Strength of Materials to Resist Tensile 

and Crushing Strains. — Strength of 
Columns. 



Sbct. 

3. Elasticity and Elongation of 

subjected to a Crushing or ' 
Strain. 

4. On the Strength of Materials sul 

to a Transverse Strain. — 
tudinal form of Beam of u 
Strength. — Transverse Strenj 
other Materials than Cast J 
The Strength of Beams accorc 
the manner in which the I 
distributed. 

5. Elasticity of Bodies subjected 

Transverse Strain. 

6. Strength of Materials to resist T 



I. 

n. 

in. 

IV. 

v. 

VI. 
VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

XV. 



APPENDIX 

Table of Logarithmic Differences. 

Table of Logarithms of Numbers, from 1 to 100. 

Table of Logarithms of Numbers, from 100 to 10,000. 

Table of Logarithmic Sines, Tangents, Secants, &c 

Table of Useful Factors, extending to several places of Decimals. 

Table of various Useful Numbers, with their Logarithms. 

A Table of the Diameters, Areas, and Circumferences of Circles and al 

sides of Equal Squares. 
Table of the Relations of the Arc, Abscissa, Ordinate and Subnormal, 

Catenary. 
Tables of the Lengths and Vibrations of Pendulums. 
Table of Specific Gravities. 

Table of Weight of Materials frequently employed in Construction. 
Principles of Chronometers. 
Select Mechanical Expedients. 

Observations on the Effect of Old London Bridge on the Tides, && 
Professor Parish on Isometrical Perspective. 



Supplementary to the Rudimentary Series. 

Mb. Wbalb has to announce a very important addition to his useful and pi 
series of volumes ; viz., " The Practiob of Embanking Lands tkoh thi 
treated as a means of profitable Employment of Capital; with Examples and Part 
of actual Embankments, and also practical Remarks on the Repair of Old Sea 1 
by John Wicksins, F.G.S. — Double Volume, Price 2s. 



JOHN WEALB, 59, HIGH HOLBORN. 
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